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FOREWORD 

Th i s  document, Health Physics  Manual of Good P r a c t i c e s  f o r  the Prompt 
- Detec t ion  o f  Airborne Plutonium i n  t h e  Workplace, was prepared i n  response t o  

recommendations from t h e  a t t endees  o f  t h e  1987 U.S. Department of Energy (DOE) 
Workshop on Workplace Aerosol Monitoring. I t  was apparen t  from d i scus s ions  a t  

the workshop t h a t  c u r r e n t  na t i ona l  and i n t e r n a t i o n a l  s t anda rds  were heav i ly  
o r i e n t e d  toward duc t  and s t a c k  sampling and monitor ing and d i d  n o t  adequate ly  
address  t h e  prompt d e t e c t i o n  o f  a i r b o r n e  contaminants i n  the workplace. The 
l a t t e r  func t ion  i s  c r i t i c a l  t o  prevent  o r  a t  l e a s t  minimize exposure of 
personnel a t  DOE f a c i l i t i e s .  

This  document was prepared by a working group of  t echn ica l  e x p e r t s  and 
e x t e n s i v e l y  reviewed wi th in  the DOE community. The group was reques ted  t o  
address  plutonium a s  the i n i t i a l  a i r b o r n e  contaminant o f  concern due t o  the 
d i f f i c u l t y  i n  d e t e c t i n g  th is  radionucl  i d e  and i t s  low a1 lowable concen t r a t i on  
(Derived Air Concentrat ion)  r e l a t i v e  t o  o t h e r  source  terms p re sen t  a t  DOE 

f a c i l  i t ies .  The guidance i n  this document i nco rpo ra t e s  appl i c a b l e  po r t i ons  of  
e x i s t i n g  s tandards  and is  intended t o  provide t echn ica l  l y  sound advice  about  
prompt, c o s t - e f f e c t i v e  d e t e c t i o n  of  a i r b o r n e  plutonium i n  the workplace. 

Edward J .  V a l l a r i o ,  Acting Di r ec to r  
Radiological  Control Divis ion 
Off i c e  o f  Nuclear S a f e t y  
U.S. Department of  Energy 





ABSTRACT 

. 
This manual provides guidance to U.S. Department of Energy (DOE) facili- 

- ties on the prompt detection of airborne plutonium in the workplace. 

Information is first given to aid in detection systems that will function 
effectively in various workplaces. Steps in designing a system are covered: 
its general requirements, the plotting of workplace sources of plutonium, and 

methods of determining workplace airflow patterns. Guidance is provided on 
the proper numbers and locations of probe sites, the orientation of probes for 
representative sampling, and the mixture of stationary and portable probes. 
Recommendations for del ivery in sampl ing systems include examination of 
particle loss and self-absorption problems, methods of eliminating air leakage 
in the system, and optimization of decontamination capabilities. System flow 
rate, requirements in a collection medium, burial loss and pressure drop, and 

prudent frequency of renewing the coll ection medium are among air sampl ing 
considerations covered. After a discussion o f  controlling airflow and of 

vacuum sources and system backups, the checkpoints to ensure system reliabil- 
ity are listed. 

The manual then discusses instrument specifications that provide correct 

airborne plutonium concentrations and reliably activate alarms. Focusing on 
the interrelationship of all components, essential factors in instrument relia- 
bility are addressed: the regulatory lower limit of detection and performance 
specifications of detectors and filters, maintenance and calibration require- 
ments, and features of commonly used plutonium air-sampling instruments. 

Finally, the manual advises on establishing a documentation program to 
archive and evaluate the performance of a plutonium air-sampling program. 





EXECUTIVE SUMMARY 

Th is  manual provides guidance t o  U.S. Department o f  Energy (DOE) f a c i l i -  

- . t i e s  on t h e  prompt de tec t i on  of a i rbo rne  p lutonium i n  the  workplace. It was 

an autcome o f  the  1987 DOE Workshop on Workplace Aerosol Moni tor ing,  which 

reviewed c u r r e n t  standards o f  a i rborne contaminant moni tor ing.  The o b j e c t i v e  

o f  prompt de tec t i on  i s  recognized as prevent ing  o r  min imiz ing  personnel expo- 

sures through a i r  sampling. Plutonium was se lec ted  as the  i n i t i a l  a i rborne 

contaminant o f  concern because o f  i t s  low a l lowab le  a i rbo rne  concentrat ions.  

The manual covers the  t o p i c s  o f  assessing workplaces f o r  sources o f  a i rborne 

plutonium, dev i s ing  and managing systems f o r  mon i to r i ng  exposures t o  workers, 

and documenting system and exposure data. 

Because prompt de tec t i on  o f  harmful contaminants i s  poss ib le  o n l y  w i t h  

accurate workplace charac ter iza t ions ,  i t  i s  necessary t o  c a r e f u l l y  assess 

workplaces f o r  p lutonium sources and a i r f l o w  i n  o rder  t o  emplace mon i to r ing  

systems designed f o r  each p a r t i c u l a r  environment. Assessments i nc lude  deter-  

min ing  the  sources o f  p lutonium and d iscover ing  t h e  a i r f l o w  pat te rns  by means 

of a number of t e s t e d  techniques (gaseous and smoke t race rs ,  i s o s t a t i c  

bubbles, f luorescent  p a r t i c l e  t race rs ,  o r  i c e  nucleus o r  nonspec i f i c  aerosol 

p a r t i c l e  t race rs ) .  It i s  then necessary t o  l o c a t e  sampling equipment i n  areas 

t h a t  w i l l  be rep resen ta t i ve  of a i rbo rne  p lutonium concentrat ions received by 

workers. Sample c o l l e c t i o n  techniques must minimize p a r t i c l e  losses, which 

occur by s e t t l i n g ,  s t a t i c  charge, o r  o the r  means; sampling must a l so  avo id  

p a r t i c l e  bu i l dup  on t h e  c o l l e c t i n g  medium, e l i m i n a t e  a i r  in- leakage, and 

r e s i s t  co r ros ion  o r  o the r  reac t i ons  w i t h  ambient atmosphere. To main ta in  

system s e n s i t i v i t y ,  t h e  f l o w  r a t e  and c o l l e c t i o n  media must be s u i t a b l y  

e f f i c i e n t .  Requirements f o r  a i r f l o w  (bo th  i t s  c o n t r o l  and measurement), 

vacuum source reserves, and emergency power supply a re  a l s o  impor tan t  i n  

system r e l i a b i l i t y .  The t e s t i n g  o f  system components invo lves  acceptance 

t e s t i n g  of new equipment as w e l l  as r e g u l a r  inspect ions,  c a l i b r a t i o n s ,  and 

maintenance o f  e x i s t i n g  equipment. 
e - 

Various f a c t o r s  must a l s o  be considered f o r  o b t a i n i n g  r e l i a b l e  inst rument  

.. readings. Continuous a i r  moni tors (CAMS) must de tec t  the  lowest  poss ib le  



levels of collected radioactivity in the shortest possible time while also 

ensuring that spurious alarms are minimized. Besides the shielding, methods - 
of alarm, and reliability of equipment, the factors affecting the levels of 

detection and spurious alarms include the efficiency of detector and sampling 
d +  

units, volumetric rate of air sampled, and methods of discriminating types of 

radiation. The commonly used plutonium air-sampling instruments must be 

maintained and calibrated according to standards, preferably by a 12-step 

calibration procedure. 

Like the maintenance and calibration of instruments, documentation is 

needed for evaluating the system's performance. Documentation is required at 

least of sampler inlet studies, sampler design and selection, data collected, 

calibrations and field response adjustments, and changes in the sampling 

systems or environments. 

The practices designated as essential for the proper functioning of a 

system/program for prompt detection of airborne plutonium in the workplace are 

as follows: 

A description of all the requirements and characteristics of the system 
shall be formalized in a written statement. 

The lower level of detection shall be the activity equivalent to 8 DAC-h 

averaged over a time frame of 1 min or longer. 

A local data base of sources and characteristics of airborne plutonium 

for specific work areas shall be maintained. 

The airflow pattern within the workplace to be monitored shall be 

determined prior to the placement of sampling points and the activation 

of prompt detection systems. 

The number and location of sample extraction points shall provide 

adequate coverage to protect workers from exposure to challenges 

exceeding 8 DAC-h. 

The transport system shall be designed to minimize particle losses. 



The transport system shall be designed to avoid localized or 

preferential areas of particulate buildup on the collection medium. 

The transport system between sample intake and delivery to the 

collecting medium shall be designed to limit air in-leakage to less than 

10%. 

The transport system shall be designed to resist corrosion or other 

possible reactions with the atmosphere sampled and shall facilitate 

decontamination. 

Air sampl i ng records shall include references to approved operating 

procedures, including identification by procedure number, revision 

and modification numbers, date, title, and author. 

Written records shall be legible and retrievable. 

Detection capabilities shall be maximized by minimizing the burial 

losses in filter media and self absorption from dust loading. 

The sample-to-detector distance shall be minimized, considering 

sample collection requirements. 

Discrimination for reducing the contribution of naturally occurring 

alpha emitters shall be provided. 

Spurious alarms shall be minimized. 

CAM maintenance and calibration programs shall be developed and 

followed to address mechanical and electrical components. 

Periodic performance testing and calibration shall be conducted at 
least annually. Results shall be documented. 
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GLOSSARY 

A c t i v i t y  Median Aerodynamic 
Diameter (AMAD) 

A c t i v i t y  Median Diameter (AMD) 

Admin is t ra t ive  Act ion  Level 

Aerodynamic Diameter (AD) 

The aerodynamic diameter f o r  a 
lognormal d i s t r i b u t i o n  o f  diameters, 
where h a l f  t h e  a c t i v i t y  present i s  
associated w i t h  p a r t i c l e s  l e s s  than, 
and h a l f  o f  t h e  a c t i v i t y  i s  asso- 
c i a t e d  w i t h  p a r t i c l e s  g rea te r  than, 
the  s ta ted  diameter. 

The diameter ( i n  any s ta ted  u n i t s )  
f o r  a lognormal d i s t r i b u t i o n  o f  
p a r t i c l e s ,  where h a l f  t he  a c t i v i t y  
present i s  associated w i t h  p a r t i c l e s  
l ess  than, and h a l f  t he  a c t i v i t y  i s  
associated w i t h  p a r t i c l e s  g rea te r  
than, the  s ta ted  s ize.  

The a i rborne concentrat ion o f  a 
rad ionuc l ide  r e q u i r i n g  some a c t i o n  
by personnel (e .g. , donning resp i ra-  
t o r y  p r o t e c t i o n  devices, evacuation 
o f  ' workplace) . 
The diameter o f  a sphere t h a t  
e x h i b i t s  the  same aerodynamic behavior 
(commonly t h e  te rmina l  v e l o c i t y )  as 
the  p a r t i c l e .  

Aerodynamic Equivalent  Diameter (AED) The diameter o f  a u n i t  dens i t y  sphere 
t h a t  e x h i b i t s  t h e  same aerodynamic 
behavior (commonly the  te rmina l  
v e l o c i t y )  as t h e  p a r t i c l e .  

Airborne Radionuclides 

Annual L i m i t s  on In take  (ALI) 

"61 un t "  Sampler 

Radionuclides suspended and c a r r i e d  
i n  the  a i r  w i t h i n  a workplace. 

A secondary l i m i t  on the  annual quan- 
t i t y  o f  a rad ionuc l ide ,  designed t o  
meet the  bas ic  l i m i t  f o r  occupational 
exposure recommended by the  I C R P .  

An i n l e t  t o  a sampler t h a t  has a l a r g e  
f l a t  area (genera l l y  many times t h e  
area o f  the  opening) surrounding the  
opening. 



Breathing Zone 

Continuous Air Monitor (CAM) 

C o u n t  Median Aerodynamic 
Diameter (CMAD) 

Coun t  Median Diameter (CMD) 

Cyclones 

Derived Air Concentration (DAC) 

Fi xed Sampl e r  

ICRP 

Impactor 

Isoaxial 

Commonly used designation for  samples 
collected a t  levels i n  the workplace 
that are believed to approximate the 
height that a i r  i s  inhaled by personnel 
(normally 5 f t  to 6 f t  above the f loor) .  - - 

Instrument that continuously samples 
and measures the level of an airborne 
radi onucl i de . 
The diameter ( in units of aerodynamic 
diameters) when half the number of 
particles present are greater t h a n  or 
less t h a n  the stated diameter. 

The diameter (generally i n  units of 
projected diameters) when half the 
number of particles present are greater 
t h a n  or less t h a n  the stated diameter. 

An iner t ia l ,  particle separation device 
without moving parts. Particles are 
separated from the carrier  gas by 
converting the in le t  velocity into a 
double vortex confined w i t h i n  a 
cyl i nder . 
The airborne concentration that equals 
the Annual Limits on Intake (ALI) on 
the assumption of a 50-wk, 40-h/wk 
exposure. Equal t o  the Derived 
Airborne Concentration found i n  ICRP 
Publication 30 converted t o  conventional 
units of curies. 

A sampler (probe) a t  a fixed location 
in the workplace. 

International Comission on Radio- 
logical Protection. 

A device that samples aerosol particles 
by size increments onto collector 
surfaces. 

In the same axis as (para1 lel  to)  the 
axis of major flow. For sample extrac- 
tion purposes, the opening ( i n l e t )  of 
the extraction probe should be perpen- 
dicular ( a t  r i g h t  angles) to the domi- 
n a n t  flow direction of the stream 
sampl ed. 



Isokinetic Sampl i n g  (with the 
- same motion) 

Mass Median Diameter (MMD) 

Measurement 

A condition that prevails when the 
velocity of a i r  entering a sampling 
probe or collector held in the a i r  
stream i s  identical t o  the velocity 
and axis of flow of the a i r  stream 
being sampled a t  that point. 

The diameter ( in any units stated) 
for a lognormal distribution of 
diameters, where half the mass present 
i s  associated with particles less 
t h a n  and half the mass associated 
w i t h  particles greater than, the 
stated size. 

The accurate quantification of 
radionucl ides col 1 ected or sampled. 

Minimum Level of Detectability (MLD) The smallest concentration of a 
radionuclide measurable a t  a given 
confidence level,  i n  a stated period 
of time, a t  a given flow rate, and 
under specific background radiation 
conditions. 

Monitoring 

Portable Sampler 

"Representative Sampl ing" 

"Respirable" Size Fraction 

The accurate quantification of a 
"representative" sample of airborne 
radionuclides by the continuous 
generation of a signal representing 
the radionuclide of interest.  

Instrument measuring the airborne 
concentrations of radionuclides, 
designed t o  be moved from area t o  
area. 

The obtaining of airborne material 
or a fraction of airborne material 
(e.g., the "respirable" fraction 
of airborne particles) for quantif i - 
cation of their characteristics. 

The fraction of airborne particles 
t h a t  can be inhaled, transported 
through the human respiratory system, 
and deposited in the lungs. Con- 
ventional ly, the conservative es t i-  
mate of a11 particles 10 3m AED and 
less i s  considered the "respirable" 
fraction. 



Pro jec ted  Diameter 

SAAM 

Sampl i ng 

W Class 

WOTAM 

Y Class 

The c i r c l e  equ iva len t  i n  diameter 
t o  t he  area p ro jec ted  by t h e  
p a r t i c l e  a t  t he  p lane o f  v iewing 
( a  two-dimensional measurement). 

Se lec t i ve  a1 pha a i r  moni tor .  
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A c lass  o f  i nha led  m a t e r i a l  w i t h  
clearance h a l f  t imes f rom t h e  
pulmonary reg ion  o f  t he  lungs i n  t he  
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Workplace t ransu ran i  c  a i r  moni tor .  
S p e c i f i c  types o f  a l p h a- a c t i v i t y  
CAMs. 

A c lass  o f  i nha led  m a t e r i a l  w i t h  
clearance h a l f  t imes f rom t h e  
pulmonary reg ion  o f  t h e  lungs i n  
excess of 100 days. 



1.0 INTRODUCTION 

This  manual provides  guidance t o  U.S. Department o f  Energy (DOE) 

f a c i l i t i e s  on t h e  prompt d e t e c t i o n  of  a i r b o r n e  plutonium wi th in  t h e  workplace. 

To in t roduce  t h e  t o p i c ,  Sec t ion  1.0 provides  background i n  t h e  r e l e v a n t  o rde r s  

and s t anda rds ,  t h e  o b j e c t i v e s  o f  prompt d e t e c t i o n ,  a key t o  t h e  terminology 

used i n  t h i s  manual, and i t s  a p p l i c a b i l i t y  t o  warning systems f o r  o t h e r  

a i r b o r n e  p a r t i c u l a t e s .  

1.1 APPLICABLE DOCUMENTS 

A d r a f t  DOE o r d e r  (5480.11, 4-5-88) provides  s p e c i f i c  r e g u l a t o r y  1 i m i  t s  
on a i r b o r n e  plutonium, and more general  goa l s  a r e  suggested i n  s eve ra l  

re1 evant  s tandards .  

1.1.1 DOE Dra f t  Order 5480.11 (8-3-87) 

The r egu la t i on  governing this  a r ea  i s  Dra f t  DOE 5480.11 (4-5-881, 

Radiat ion P ro t ec t i on  f o r  Occupational Workers. The purpose of t h e  Order i s  

"To e s t a b l i s h  r a d i a t i o n  p ro t ec t i on  s t anda rds  and program requirements  f o r  t h e  

Department o f  Energy and Department of  Energy c o n t r a c t o r  ope ra t i ons  wi th  

r e s p e c t  t o  p ro t ec t i on  of t h e  Worker." The Order provides  Derived Air Concen- 

t r a t i o n  (DAC) va lues  f o r  plutonium i n  a i r  (Attachment 1 i n  Order) a s  a func- 

t i o n  of  lung c l ea rance  r a t e  c l a s s e s .  For 2 3 9 ~ u ,  t h e  DAC f o r  W-class is  

2 x lo-'' pCi/ml and 6 x 10-I' vCi/ml f o r  Y-class. 

The Order r e q u i r e s  a i r  monitor ing i n  a r e a s  t h a t  have t h e  p o t e n t i a l  t o  

exceed 10% of any DAC. The Order recommends t h a t  t h e  monitors  be capable  of  

measuring one DAC when averaged over  8 h ( 8  DAC-h). The Order further s t a t e s ,  

"Ambient a i r  monitor ing systems s h a l l  be placed i n  s t r a t e g i c  l o c a t i o n s  t o  

d e t e c t  and e v a l u a t e  a i rbo rne  contaminat ion a t  work loca t ions ."  

The po l i cy  of  t h e  D O E ,  t h e  Order s t a t e s ,  i s  " t o  keep a l l  r a d i a t i o n  

exposures w i th in  t h e  limits and a s  low a s  reasonably  achievable ."  

1.1.2 National and I n t e r n a t i o n a l  Standards 
7 

The c u r r e n t  s t anda rds  [American National Standards I n s t i t u t e  (ANSI) 

N13.1-1969; I n t e r n a t i o n a l  S t anda rd i za t i on  Organizat ion (ISO) 1975; I n t e r -  



national Electrochemical Commission (IEC) 1983a, 1983b1 are  heavily oriented 

toward duct and stack sampling and monitoring. None provides a detailed 

discussion of workplace airborne contaminants, such as plutonium. The portion - 
in ANSI N13.1-1969 tha t  i s  devoted to  worker protection (Section 4.2.1.1, 

"Sampling i n  a Zone Occupied by Workers") i s  oriented toward exposure assess- 

ment. Although many of the concepts and principles of sampling found i n  the 

guide are applicable to  the prompt detection of airborne contaminants, they 

address the problem generally. The pertinent sections i n  the proposed revised 

ANSI standard(a' ( i n  Section 8.1.1, "Sampl ing During Routine Operations" and 

Section 8.1.2, "Sampling f o r  Emergency Response") are also directed toward 

exposure assessment. Section 8.1.1 i s  more informative than Section 8.1.2 f o r  

the purposes of prompt detection of airborne materials. The IS0 Guide con- 

tains essent ial ly  the same information as the ANSI Guide. The two IEC stan- 

dards are  oriented toward electronic instrumentation used fo r  eff luent  moni- 

toring. A third ANSI standard, ANSI N317-1980, contains specifications f o r  

the operating character is t ics  of continuous a i r  monitors (CAMS) and contami- 

nation survey instruments fo r  plutonium, but i t  does not specify performance 

c r i t e r i a  fo r  the extraction, transport ,  and collection f o r  the CAM. 

1.2 OBJECTIVE AND SCOPE 

The objective of prompt detection i s  t o  prevent or  a t  l e a s t  minimize the 

exposure of personnel. To achieve t h i s  goal, the system must sample the a i r  

that  reaches personnel i n  the workplace and detect airborne concentrations a t  

a level that  could resul t  in s ignif icant  exposure. Rapid and re l iab le  detec- 

tion of airborne plutonium, rather than a high level of accuracy and precision 

required fo r  some other airborne monitoring systems, i s  emphasized fo r  the 

types of systems described i n  t h i s  document. Indeed, plutonium was selected 

as the i n i t i a l  airborne contaminant of concern in DOE f a c i l i t i e s  because of 

i t s  1 ow a1 lowabl e a i  rborne concentrations [Derived Air Concentration ( D A C ) ]  . 

( a )  Draft ANSI N13.1. 1969. Guide to  Air Sampling fo r  the Control of 
Occuoational Exoosures to  Radioactive Materials a t  Nuclear t a c i l i t i e s .  ?. . 



Those responsible for  providing a system fo r  the rapid and rel iable  
detection of airborne plutonium must consider the following areas of concern 

- i n  evaluating monitoring systems and working environments: 

the source and character is t ics  of the airborne plutonium released 

t o  the workplace 

the airflow patterns and airborne transport of plutonium i n  the 

workplace 

the location of personnel w i t h i n  the workplace du r ing  various 

processing operations 

the location a t  which the airborne plutonium sample should be 

intercepted to  be representative of material inhaled by workers 

the a b i l i t y  of the system t o  transport an undistorted sample of the 

airborne plutonium to  the collection medium or  measurement device 

the collection and retention efficiency of the collection medium, 
i f  used, and the character is t ics  of the collection system design 

the efficiency of the measurement device i n  measuring the plutonium 

co11 ected 

the differentiation of plutonium from other materials present 

the accuracy and r e l i a b i l i t y  required of the system 

the nature and amount of documentation necessary to  substantiate 

decisions made about various aspects of the detection system and 
to  record t e s t s  determining i t s  accuracy and r e l i a b i l i t y  

other objectives or  character is t ics  stated for  the system that  

could af fec t  the rapid detection of airborne p l u t o n i u m  (e.g., 
the level of airborne plutonium that  must be detected). 

Each of the following sections contains a detailed discussion of the 
character is t ics  c i ted above, which are  the basis f o r  the guidance provided i n  

t h i s  report. Section 2.0, Information to  Assist i n  the Selection of System 
-- 

Characteristics and Requirements, discusses the aspects of the workplace and 
sampling requirements that  should be thoroughly characterized pr ior  to  design - 



and specification of sampling. Sample Extraction, Section 3.0, provides 

guidance on the characteristics of workplace sample sites, which determine the 

number, orientation, and placement of sample extraction probes. Guidance on 

the choice of sample delivery and collection systems for prompt airborne 

plutonium detection is provided in Section 4.0. Section 5.0, Instrumentation, 

provides guidance on the capabilities and operating characteristics of instru- 

ments to measure the plutonium collected. In Section 6.0, Documentation, the 

collection and maintenance of various documents and data in a central data 

base is recommended to substantiate the validity of systems used for the 

prompt detection of airborne plutonium in the workplace. 

The specifications for and the current availability of a11 instruments 

for prompt detection of airborne plutonium are beyond the scope of this docu- 

ment. However, this document provides guidance on comnonly used sampling 

instruments and on where to locate airborne-plutonium monitors to ensure the 

early detection of airborne concentrations. The working group assumes that 

these early detection monitors are a requirement of an overall worker protec- 

tion system. Other requirements, such as quality assurance, are not discussed 

here but are assumed to be part of the overall protection system. 

Certainly, it is not possible to foresee all situations that may develop 

at various locations. Thus, the authors encourage a careful assessment of 

situations arising at specific sites when applying the guidance. 

1.3 TERMINOLOGY 

The word shall is used in this manual to indicate a practice or equipment 

specification that is considered to be essential to the proper functioning of 

a prompt detection system for airborne plutonium in the workplace. The word 

should is used to denote practices or specifications that are not essential in 

every case but should receive consideration. 

1.4 APPLICABILITY TO OTHER WORKPLACE MONITORING SYSTEMS 

Although the practices and specification in this manual are directed 
d 

specifically toward prompt detection systems, they are generally applicable to 

other workplace monitoring systems for airborne particulate materials. The 



applicabi l i ty  of isokinetic sampling practices f o r  airborne particulate mate- 

r i a l s  i n  the workplace i s  questionable. Application of the isokinetic prin- 
- ciples requires knowledge of the direction and velocity of the a i r  stream i n  

which the particulate materials are  carried. Determining these parameters i s  
- not a t r i v i a l  task i n  the complex arrangements often found i n  processing 

f a c i l i t i e s .  The definit ion of airflow patterns w i t h i n  the workplace recom- 

mended i n  t h i s  manual w i l l  par t ia l ly  f u l f i l l  the requirement. Most of the 

par t ic le  transport and collection system practices are  d i rec t ly  applicable to  

a l l  monitoring systems fo r  airborne particulate materials. The practices and 

specification with regard to  instrumentation are  applicable only to  systems 

fo r  alpha-emitting plutonium although some may be worth considering fo r  other 

radionucl ides. 





2.0 INFORMATION TO ASSIST I N  SELECTION OF SYSTEM 

CHARACTERISTICS AND REOUIREMENTS 

Befo re  t h e  c h a r a c t e r i s t i c s  and performance requi rements can be estab-  

l i s h e d  f o r  a  system f o r  t h e  prompt d e t e c t i o n  o f  a i r b o r n e  p lu ton ium i n  t h e  

workplace, i n f o r m a t i o n  on va r i ous  aspects  o f  t h e  system and workplace should 

be c o l l e c t e d .  A  d e s c r i p t i o n  o f  a l l  t h e  requi rements and c h a r a c t e r i s t i c s  o f  

t h e  system should be f o r m a l i z e d  i n  a  w r i t t e n  s ta tement .  Guidance on w r i t i n g  

system requi rements i s  p rov ided  i n  Sec t i on  2.1. An a n a l y s i s  s h a l l  be per-  

formed o f  t h e  t h r e e  ma jo r  v a r i a b l e s  a f f e c t i n g  t h e  t r a n s p o r t  o f  contaminants:  

t h e  p l u ton ium p a r t i c l e  s i ze ,  t h e  composi t ion o f  t h e  p l u ton ium aeroso l ,  and t h e  

a i r f l o w  p a t t e r n s  i n  t h e  f a c i l i t y .  The p robab le  sources and c h a r a c t e r i s t i c s  o f  

t h e  a i r b o r n e  p lu ton ium re leased  (e.g., i t s  chemical compound and i t s  p a r t i c l e -  

s i z e  d i s t r i b u t i o n )  a r e  d iscussed i n  Sec t i on  2.2. The a i r f l o w  p a t t e r n s  w i t h i n  

t he  workplace t h a t  c o u l d  t r a n s p o r t  t h e  a i r b o r n e  p lu ton ium t o  personnel a r e  

covered i n  Sec t ion  2.3. 

2.1 FORMALIZATION OF THE REQUIREMENTS OF THE PROMPT DETECTION SYSTEM 

There a r e  t h r e e  cons ide ra t i ons  i n  de te rmin ing  t h e  requi rements f o r  a  

prompt- detect ion system f o r  p lu ton ium:  e s t a b l i s h i n g  t h e  o b j e c t i v e s  o f  a  

system, dec id i ng  upon a  l e v e l  o f  de tec t i on ,  and choosing a  t ype  o f  d e t e c t i o n  

ins t rument .  

2.1.1 W r i t t e n  0b. iect ives and Records o f  Performance 

To focus t h e  e f f o r t  on t h e  e s s e n t i a l  i tems,  t o  ensure t h a t  ma jo r  con- 

s i d e r a t i o n s  a r e  n o t  missed, and t o  p r o v i d e  documentation, a  w r i t t e n  statement 

o f  t h e  o b j e c t i v e s  o f  a  system f o r  prompt d e t e c t i o n  o f  p l u ton ium s h a l l  be 

prepared. W r i t t e n  o b j e c t i v e s  a l l o w  t h e  r e s u l t s  o f  t e s t s  o r  s t ud ies  t o  be 

compared t o  t h e i r  o r i g i n a l  purposes, t o  a s c e r t a i n  whether t he  o b j e c t i v e s  were 

achieved. The o b j e c t i v e s  may be t o  r e t r o f i t  a  prompt- detect ion system f o r  an 

e x i s t i n g  workplace, t o  a s s i s t  i n  des ign ing  a  system f o r  a  new f a c i l i t y ,  o r  t o  

- .  t e s t  o r  upgrade a  c u r r e n t l y  o p e r a t i n g  system. Requirements f o r  ach iev ing  

va r i ous  o b j e c t i v e s  m igh t  be r a d i c a l l y  d i f f e r e n t  and w i l l  d i c t a t e  d i f f e r e n t  

l e v e l s  o f  e f f o r t  and equipment. 



It is also important to document the performance and characteristics of 
the detection instruments: their initial calibrations, the periodic checks 
of their performance, the data that substantiate their reliability, and even 
the information leading to a decision to select one or another instrument. 

Detailed guidance on performance documentation is provided in 
Section 6.0. 

Level of Detection 

For systems monitoring airborne contamination within the workplace, the 
lower level of detection recommended in the draft DOE Order as a performance 
spec for instruments is "one DAC averaged over 8 h (8 DAC-h) ." However, DOE 
policy is to avoid any internal exposures. 

To prevent or minimize exposure of occupational workers to this level of 
radioactivity, the systems for prompt detection shall detect and alarm when 
the workers are challenged by the equivalent level of airborne activity over 
the same time frame. Thus, the lower limit of detection for prompt detecting 
systems shall detect one DAC averaged over 8 h, 8-h DAC averaged over 1 h, 
16 DAC over 30 min, 32 DAC in 15 min, 96 DAC in 5 min, and so on. 

The lower limit of detection for a prompt detection system is influenced 
by the many factors covered in this manual. Most measuring devices and system 
parameters have limitations, and the principal variable to increase the lower 

limit of detection for a system available to the user is the sampling flow 
rate. Practicality also 1 imi ts the sampling flow rate, but the range is 
relatively large. 

If a measuring device (instrument) has a lower limit of detection of 
1 DAC averaged over 8 h (8 DAC-h) at a flow rate of 1 cfm, the instrument can 

3 detect (for Y-class material) 6 E-12 pCi/ml x 2.832 E+4 ml/ft x 60 min/h x 

8 h = 8 E-5 vCi. There are 2.22 E+6 dpm/pCi. Therefore, the instrument can 
detect the presence of 181 dpm. The same activity could be collected and 
measured in one-tenth the time (48 min) at a sampling rate of 10 cfm. Thus, 
for the purposes of prompt detection of airborne contamination, higher 
sampling rates are desired. 



2.1.3 Type of Detection Instruments 

Another consideration i s  the type of detection instrument used. Although 
highly accurate measurements are not essential  fo r  prompt detection systems, 
the best available technology fo r  these purposes should be considered. These 
devices must be rel iable  because personnel protection i s  dependent upon t h e i r  
performance. Furthermore, they shall  be calibrated and the calibrations 
periodical l y  verified. The i n i t i a l  ca1 ibration and periodic checks of the 
devices, plus information to  substantiate the i r  r e l i a b i l i t y ,  shall  be 
documented. 

In some instruments, a form of iner t ia l  separation i s  used to  separate 
the airborne natural radionuclides (radon-thoron and t h e i r  decay products) t o  
prevent interference w i t h  the plutonium measurements. Other instruments have 
electronic systems to separate the two counting rates.  

Depending upon the lower l imits  of detection of the instruments, various 
airflows may be required to  achieve the detection l imit  fo r  the system. The 
airflow requirements w i l l  be a consideration i n  the a i r  mover and airflow 
measurement devices to  be used. The airflow requirements will also determine 
the pipe/duct s ize needed to  maintain the a i r  velocity w i t h i n  the t ransfer  
l ines  fo r  the undistorted t ransfer  of airborne plutonium part ic les .  Because 
the need to  maintain isokinetic conditions during prompt sampling i s  not c r i t -  
i ca l ,  the inlet/extraction probe i s  not affected by the airflow. Neverthe- 
le s s ,  e f for t s  should be made to  retain as many good sampling practices as 
possible, as long as they do not require an increase in the level of e f fo r t  or 
compromise rapid, re l iable  detection. 

Specifications of instruments appropriate to  prompt detection of airborne 
plutonium are discussed i n  more detai l  i n  Section 5.0. 

2.2 DETERMINATION OF THE CHARACTERISTICS OF POTENTIAL SOURCES 

OF AIRBORNE PLUTONIUM 

Both the potential sources and the character is t ics  of airborne plutonium 
. . i n  the specific workplace are needed to properly determine the capabi l i t ies  

required i n  a system. A local data base of the sources and character is t ics  of 



a i rbo rne  p lutonium f o r  s p e c i f i c  work areas s h a l l  be mainta ined f o r  t h i s  pur- 

pose. A l l  t h e  i n fo rma t ion  on the  c h a r a c t e r i z a t i o n  of a f t e r - t h e- f a c t  

eva lua t ions  o f  a i rbo rne  re leases t h a t  have occurred i n  t he  workplace s h a l l  be 

i nc luded  i n  t h e  data base. I n fo rma t ion  on p o t e n t i a l  sources i s  e s p e c i a l l y  

impor tan t  f o r  p l a c i n g  sample- extract ion s i t e s  because such a  s i t e  should be 

l oca ted  between the  source and t h e  personnel a t  r i s k .  Thus, s tud ies  of work- 

p lace environments should cha rac te r i ze  a i rbo rne  p lutonium i n  g love  box areas, 

areas i n  which processing i s  occur r ing ,  o r  areas i n  which the re  a re  e f f l u e n t  

gases. 

Besides t h e  p o t e n t i a l  o f  a i rbo rne  plutonium, t h e  na tu re  o f  t he  p lu ton ium 

p a r t i c l e s  should a l s o  be character ized.  The s i z e  o f  p lutonium p a r t i c l e s  and 

t h a t  of t he  p a r t i c l e s  hos t i ng  them ( i f  any) should be sought. The data i n  

these s tud ies  should g i ve  t h e  p a r t i c l e  s i z e  i n  terms o f  t h e  aerodynamic 

equ iva len t  diameter (AED) t o  p r e d i c t  f l u i d  dynamic behavior  o f  t he  p a r t i c l e s .  

2.3 DETERMINATION AND ANALYSIS OF AIRFLOW PATTERNS 

A i r f l ow  pa t te rns  a re  one major v a r i a b l e  i n  sampler response t o  p o t e n t i a l  

p lutonium p a r t i c l e  re leases i n  a  g iven l o c a t i o n  ( t h e  others,  noted above, 

a re  p a r t i c l e - s i z e  d i s t r i b u t i o n  and composit ion o f  aerosol ) . A i r f l o w  pa t te rns  

w i t h i n  t h e  workplace t o  be monitored s h a l l  be determined p r i o r  t o  t h e  

placement o f  sampling p o i n t s  and the  a c t i v a t i o n  o f  prompt d e t e c t i o n  systems. 

For e x i s t i n g  and new f a c i l i t i e s ,  t h i s  document prov ides i n fo rma t ion  on where 

t o  l o c a t e  a i rbo rne  p lutonium p a r t i c l e  moni tors t o  g i v e  the  e a r l i e s t  poss ib le  

warning o f  a  release. (See Sect ion 3.0 f o r  a  d e t a i l e d  discussion.) Th i s  

guidance i s  d i r e c t e d  toward upgrading e x i s t i n g  systems as DOE r e g u l a t i o n s  

become more s t r i n g e n t .  The guidance may a l s o  be of va lue as a  bas i s  f o r  

experimental  s tud ies  (e.g., mock-ups) o f  proposed f a c i l  i t i e s  t o  a i d  i n  design 

c r i t e r i a .  

Whether f o r  upgrading o r  p r o j e c t i v e  studies,  a i r f l o w  pa t te rns  i n  a  room 

s h a l l  be de f ined before  an e f f e c t i v e  prompt-warning system can be es tab l ished.  

A i r f l o w  pa t te rns  s h a l l  be determined f o r  a reasonable range of v e n t i  1  a t i n g  

ra tes ;  t he  r e l a t i o n s h i p  of d i spe rs ion  p a t t e r n  and p a r t i c l e  s ize ,  as we11 as 

t h e  speed o f  contaminant spread, should a l so  be establ ished.  The c o n d i t i o n  o f  



va r iab les  e x i s t e n t  a t  t h e  t ime o f  t e s t i n g  must be w e l l  understood and t h e  

t e s t i n g  repeated f o r  cond i t i ons  o f  s i g n i f i c a n t  change. Use o f  doorways and 

- hoods, automatic dampers, changing thermal sources, equipment and l a y o u t  

changes, and rebalance o f  v e n t i l a t i o n  a re  examples of changing cond i t i ons  t h a t  

can s i g n i f i c a n t l y  a1 t e r  a i r f l o w  pat te rns .  Pe r iod i c  con f i rma t ion  t e s t i n g  i s  

recommended. 

A i r f l o w  s tud ies  should be r e l a t e d  t o  p o t e n t i a l  sources of contaminat ion, 

e.g., work areas and associated equipment. Tests should de f i ne  t h e  a i r f l o w  

pas t  t he  p o t e n t i a l  sources t o  t h e  known l o c a t i o n  o f  personnel. Furthermore, 

in format ion on the  p o t e n t i a l  d i l u t i o n  o f  the  p o l l u t a n t  plume du r ing  t r a n s p o r t  

i s  des i rab le .  These are s i  t e- s p e c i f i c  quest ions and draw upon pas t  experience 

i n  p a r t i c u l a r  l oca t i ons .  Such s i  t e- s p e c i f i c  i n fo rma t ion  i s  needed t o  d i r e c t  

mon i to r i ng  s tud ies  t o  p o t e n t i a l  problem areas, so t h a t  a i r  samplers a re  prop- 

e r l  y pos i ti oned. 

The f o l l o w i n g  sec t ions  rev iew the  commonly a v a i l a b l e  techniques f o r  d i s -  

cover ing  a i r f l o w  pat te rns .  Th is  overview inc ludes desc r ip t i ons  o f  gaseous 

t race rs ,  such as he1 ium and s u l f u r  hexa f l  uo r i de  (SF6), smoke t r a c e r s  and 

i s o s t a t i c  bubbles, f l uo rescen t  p a r t i c l e  t race rs ,  i c e  nucleus p a r t i c l e  t race rs ,  

and nonspec i f i c  aerosol p a r t i c l e  t racers .  

2.3.1 Gaseous Tracers 

S u l f u r  hexa f l uo r ide  (SF6) i s  a  w ide l y  used gaseous t race r ,  e s p e c i a l l y  f o r  

s tud ies  o f  b u i l d i n g  v e n t i l a t i o n .  The r e c i r c u l a t i o n  o f  b u i l d i n g  exhaust i n t o  

b u i l d i n g  in takes  i s  o f t e n  of concern (Ba rne t t  1983). Also, clearance r a t e s  

f o r  radon i n  homes have been s tud ied  w i t h  SF6 (Nazarof f  1983). S u l f u r  

hexa f l uo r ide  i s  detected by gas chromotography o r  e l e c t r o n  capture devices. 

These devices are  j u s t  becoming ava i  1  ab le  f o r  r o u t i n e  use (Benner 1984) . 
The French Atomic Energy Commission [Commissariat 'a 1  'Energie Atomique 

(CEA)] uses both SF6 and hel ium f o r  acceptance t e s t s  o f  new f a c i l i t i e s  and 

v e r i f i c a t i o n  o f  e x i s t i n g  ones (CEA 1984). The CEA has publ ished r e s u l t s  from 

f low- pat te rn  s tud ies  i n  plutonium-processing areas w i t h  hel ium as a  t r a c e r  

% (Vavasseur 1985). Vavasseur s tud ied  both p u f f  and cont inuous hel ium t r a c e r  

gas releases i n t o  a  work area. Th is  was supplemented by the  re lease of two 



sizes  of fluorescent par t ic les  (FPs) to  compare the transport  of gaseous and 
part iculate  t racers .  

2.3.2 Smoke Tracers and Isos ta t ic  Bubbles 

Smoke bombs or  candles have been used widely as a i r  t racers  i n  work 
areas. However, these devices release heat and l i f t  the smoke, thereby dis-  
tor t ing normal flow patterns. "Cold smoke" or  fog can be generated by atomiz- 

ing a heated l igh t  o i l  o r  with small aspirated smoke tubes. Such smoke i s  not 
as dense as smoke from a smoke bomb and does not seriously in te r fere  w i t h  

work. In t e s t s  a t  the Rocky Flats Plant, a 5-min smoke bomb f i l l e d  a large 

room in about 2 min .  This was determined by photoelectric smoke detectors s e t  

t o  alarm a t  2% obscuration. ( a )  A t  the same time, the spread of the smoke was 
recorded w i t h  a video camera. Small smoke candles can also be used to  t race 
airflow in one glove box bay a t  a time. 

A generator f o r  i sos t a t i c  bubbles, which f l o a t  i n  the a i r  w i t h  zero 
buoyancy, was developed by the CEA. The bubbles, which are  f i l l e d  w i t h  a i r  
and a small percentage of helium, can s tay af loa t  fo r  hours (CEA 1984). These 
are  useful f o r  detecting flow direction. More recently, the Los Alamos 
National Laboratory developed a similar device. Helium-filled balloons proved 
most effect ive i n  following airflow patterns. (b)  Video taping i s  the best 
method f o r  data recording. 

2.3.3 Fluorescent Part ic le  Tracers 

These aerosol t racers  have the advantage of more closely simulating the 
ine r t i a l  properties of plutonium-carrying aerosols than do gaseous t racers .  
A solution of fluorescein or  uranine dye (CEA 1984), which i s  nebulized and 
dried, i s  a convenient source of t racer  par t ic les  tha t  can be detected by 
fluorescent spectroscopy. However, special care should be taken w i t h  t e s t s  
using fluorescent dyes as t racers  because the presence of other compounds 
acting as quenchers of the fluoresence resu l t  i n  spurious measurements tha t  
can inval idate t e s t  resul ts .  

t 

( a )  J.  Koffer, Rocky Flats Plant, personal communication. 
(b)  Draft. Pickering, P.  L . ,  e t  a l .  1987. "Test Ventilation w i t h  Smoke, 

Bubbles, and Ball oons . " , 



Scripsick e t  a l .  (1979) simulated the release of plutonium part ic les  w i t h  

fluorescein i n  a plutonium-processing area. This included computer simulation 
w i t h  the SOLA Code (Hirt 1978) to  verify the observed flow patterns, which 
were also tested w i t h  smoke bombs. In the t e s t  room the a i r  entered a t  the 

' ceiling on one side and l e f t  through two f loor  exhausts on the opposite side. 
Eight f ixed- f i l te r  samplers were used t o  col lect  the t racer  a t  the glove 
boxes, and the four continuous a i r  monitors (CAMS) i n  the room were also used 
as samplers. In th i s  s i tuat ion the a i r  tended to  flow along the cei l ing so 
that  part of i t  was exhausted, b u t  the r e s t  recirculated below the level of 
the glove boxes. Tracer was found throughout the room for  a l l  20 sampling 
points, which were a t  a height of 1.4 m. These integrated- fi l ter  samples 
precluded knowledge of variations w i t h  time a t  the sample points. 

The computer analysis was used to  improve the clearance of par t ic les  from 
the room by modifying the ventilating system. Similar t e s t s  were r u n  i n  

another room w i t h  a ventilating in l e t  running down the center of the room and 
exhausts i n  each corner. Greater variations i n  concentration were found i n  

t h i s  si tuation. Finally, calculations were made to  determine the release 
detection probability for  given sampler locations. This led t o  the optimiza- 
tion of sampler locations and number. 

Another par t ic le  t racer  i s  aerosol ZnS, which can be detected by micro- 
scopic counting under u l t rav io le t  l i gh t  illumination. The t racer  par t ic les  
are  collected on f i l t e r s  fo r  analysis. However, the repeated use of these 
part ic les  may lead to  biased data resulting from resuspension of deposited 
particles.  Vavasseur (1985) used a combination of helium tracer  gas and ZnS 
tracer  par t ic les  to  determine flow patterns and distribution of par t ic les  
released to  a workplace (see Section 2.3.1 on gaseous t racers ) .  

2.3.4 Ice Nucleus Part ic le  Tracer 

Ice nuclei (IN) are  par t ic les  that  nucleate ice  crystals  i n  supercooled 
clouds. The IN concentrations i n  the atmosphere are  very low. Only a few 
chemicals, such as s i l v e r  iodide and phloroglucinol, nucleate ice crystals  
e f f ic ien t ly .  These chemicals are  released in three ways: by vaporization- 

C 

condensation as f ine  smoke part ic les  i n  the 0.02- to 0.5-pm range, by 



atomization of solutions and subsequent droplet evaporation as par t ic les  i n  

the 0.2- to  5-pm range, and by aerosolization of powders as par t ic les  i n  the 
3- to  20-pm range. 

A s ingle- part ic le ,  real-time detector is used to  track the IN part ic les  
(Langer 1987). The detector consists of a 10-L cloud chamber and associated 
refrigeration equipment, weighing a to ta l  of 130 l b  (59.1 kg). The sensi- 
t i v i t y  of the t r ace r  i s  very high ( the material can be detected i n  open a i r  
over distances of 50 miles). However, the bu1 ky equipment makes mu1 t ipoin t  
sampling impractical, unless grab samples are collected w i t h  a syringe. 
Although t h i s  procedure was used i n  two plutonium areas w i t h  useful r e su l t s ,  
multipoint sampling was deemed essential  by the researchers fo r  systematic 
flow-pattern studies. The same conclusion was also reached by French workers 
studying ventilation i n  plutonium areas (CEA 1984). Therefore, a 1 aser 
par t ic le  counter (LPC) procedure, described i n  Section 2.3.5, i s  being adapted 
for  work a t  the Rocky Flats Plant. 

The IN procedure provides real-time dispersion data and allows fo r  the 
study of t racer  b u i l d u p  t o  i t s  f inal  concentration, as well as clearance of 
the t racer .  Both b u i l d u p  and clearance have been found t o  take 10 t o  25 m i n ,  

even in one large processing area,  depending on t racer  release and sampler 
location and a i r  change ra te  (Langer 1987). The t racer  was found throughout 
the room and mixed rather uniformly from f loor  to  ceil ing. Very def in i te  flow 
patterns were also evident, and these persisted over the weeks of tes t ing.  
The ef fec ts  of opening doors were also evident. The use of perforated cei l ing 
panels i n  one module d i d  not produce a laminar downflow ef fec t  as expected. 
Tracer concentration was a d i rec t  function of a i r  change ra te  i n  one room b u t  

not i n  the other. Time to  f i r s t  response (detection) d i d  not depend on a i r  
ra te  change. 

2.3.5 Nonspecific Aerosol Parti c1 e Tracer 

A nonspecific aerosol t racer  i s  useful because instrumentation f o r  count- 

ing aerosol par t ic les  i n  general by optical means i s  readily available and 
relat ively inexpensive. Moreover, i t  provides data in real time, the detec- 
tors  can be multiplexed, and the data output can be routinely computerized. 



A l a s e r  p a r t i c l e  coun te r  (LPC) system has been used with two p a r t i c l e -  

s i z e  ranges ,  4 . 5  pm and >5.0 pm, t o  s tudy  flow p a t t e r n s  (Langer 1987). 
Commercial sof tware  and a  mu1 t i p l e x e r  system t o  handle  d a t a  from up t o  
64 d e t e c t o r s  s imul taneous ly  a r e  a v a i l a b l e .  Other  s e n s o r s ,  such a s  a i r  veloc-  
i t y  probes,  can be incorpora ted  i n t o  t h e  system. A simple pneumatic a tomizer  
produced s o l i d  t r a c e r  p a r t i c l e s  from t h e  evapora t ion  of sugar  s o l u t i o n  
drop1 e t s  . 

The t r a c e r  aeroso l  gene ra to r  i s  one of t h e  c r i t i c a l  items f o r  a  success-  
f u l  aeroso l  t r a c e r  s tudy.  A gene ra to r  i s  r equ i r ed  t h a t  produces a narrow s i z e  

d i s t r i b u t i o n ,  s o  i t s  ou tpu t  i s  e a s i l y  d i s c e r n i b l e  above background aeroso l  
p a r t i c l e s  i n  t h e  same range. Vibra t ing  o r i f i c e  a tomizers  a r e  a v a i l a b l e  t o  
produce n e a r l y  monodisperse p a r t i c l e s  i n  the 0.5- t o  40-um range i n  high con- 
c e n t r a t i o n s .  A sugar  s o l u t i o n  o r  commercial syrup was used t o  avoid any 
h e a l t h  o r  co r ros ion  problems. The o t h e r  op t ion  was t o  atomize an i n e r t  l i q u i d ,  
such a s  corn o i l  o r  s y n t h e t i c  d i f f u s i o n  pump o i l ,  t o  produce a  c o a r s e r  mist. 

With two LPCs, the f e a s i b i l i t y  of  this procedure could be demonstrated 
on ly  on a  l oca l  s c a l e ,  i.e., f o r  on ly  two t o  t h r e e  glove box bays i n s t e a d  o f  a  
complete room. Figures  1 and 2 p re sen t  summary p l o t s  f o r  two counters  and 
s i z e  ranges: one LPC (LPC1) was 30 f t  from t h e  source ,  while a second (LPC2) 
was a t  a  d i s t a n c e  of  12 f t .  The r e l a t i v e l y  cons t an t  concen t r a t i on  should be 
noted f o r  p a r t i c l e s  >0.5 um (F igu re  1). This  has been a  c o n s i s t e n t  p a t t e r n  
and probably r e f l e c t s  the aged background aeroso l  r e s u l t i n g  from Denver 

po l lu t i on .  The concen t r a t i on  of  p a r t i c l e s  >5.0 pm (F igu re  2 )  i s  more v a r i -  
ab le .  These p a r t i c l e s  a r e  of l o c a l  o r i g i n ,  many from t h e  room i t s e l f ,  and 
their concen t r a t i on  is  two o rde r s  o f  magnitude l e s s  than the >0.5-~m range. 
The time span dur ing  which the t r a c e r  was r e l e a s e d  (Langer 1987) i s  shown i n  
each f i g u r e .  

The time f o r  the t r a c e r  t o  reach the LCPs i s  of i n t e r e s t  because i t  i s  
one o f  the v a r i a b l e s  t h a t  c o n t r o l s  .the alarm time f o r  plutonium. The time f o r  
the f i r s t  response was about  2 min f o r  e i t h e r  d e t e c t o r .  To reach equ i l i b r ium 
t r a c e r  concen t r a t i on  a f t e r  t r a c e r  a r r i v a l  f o r  t h e  >0.5-pm p a r t i c l e s  took 3 min 
f o r  LPC2 ( t h e  LPC n e a r e s t  the source)  whi le  L P C l  r equ i r ed  6 min. Three min- 
u te s  were r equ i r ed  f o r  p a r t i c l e s  >5.0 pm t o  reach LPC2, bu t  no e s t i m a t e  could 
be made f o r  LPCl because not  enough t r a c e r  p a r t i c l e s  >5.0 pm reached the 
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detec tor .  Ev ident ly ,  the  l a r g e r  p a r t i c l e s  s e t t l e d  o u t  be fore  reaching LPC1. 

Th is  i s  an important  observat ion. 

This  means t h a t  l a r g e  p a r t i c l e s ,  which would be expected t o  c a r r y  most o f  

the  a c t i v i t y  spreading from a  leak,  w i l l  contaminate the  room surfaces. How- 

ever, a t  some d is tance from t h e  leak,  personnel w i l l  n o t  be a f f e c t e d  as much. 

This  sedimentat ion o f  p a r t i c l e s  a l so  suggests t h a t  the  response o f  t he  

Se lec t i ve  Alpha A i r  Mon i to r  [SAAM ( t h e  type o f  CAM used i n  the  Rocky F l a t s  

P lan t  f a c i l i t y ) ]  w i l l  be poor unless the  SAAM i s  c lose  by. This  r e s u l t  

supports t he  content ion  t h a t  a  t r a c e r  should be p a r t i c u l a t e  and i nc lude  l a r g e r  

p a r t i c l e s  ( i  .e., a  gaseous t r a c e r  alone cou ld  be misleading.) 

The decay t ime t o  background l e v e l s  a f t e r  t h e  t r a c e r  generator i s  shut  

o f f  i s  o f  importance. The t ime was about 13 min f o r  e i t h e r  de tec to r  f o r  t he  

'0.5-vm p a r t i c l e s .  For t he  l a r g e r  p a r t i c l e s  the  decay was about 8 min a t  LPC2 

and n o t  d i s c e r n i b l e  a t  LPC1. Again, s e t t l i n g  o f  t he  l a r g e  p a r t i c l e s  i s  

ev ident .  

The data g iven above were i n  good agreement w i t h  prev ious I N  t r a c e r  work 

. a t  t he  same l o c a t i o n  w i t h  submicron p a r t i c l e s  (Langer 1987), except t h i s  

t r a c e r  d i d  n o t  a l l o w  the  study o f  p a r t i c l e  i n e r t i a l  e f f e c t s .  

2.3.6 Summary o f  A i  rf 1  ow Tracer  Techniques 

Gaseous t r a c e r s  do n o t  address i n e r t i a l  e f f e c t s  e x h i b i t e d  by l a r g e r  

aerosol p a r t i c l e s .  A gaseous t r a c e r  i s  n o t  p r a c t i c a l  when f i 1  te red  r e c i r c u l  a- 

t i o n  i s  used i n  a  v e n t i l a t i n g  system because t h e  gas i s  n o t  removed and would 

n o t  r e f l e c t  the  behavior o f  a i rbo rne  p a r t i c u l a t e  ma te r i a l s .  

P a r t i c u l a t e  o r  aerosol t race rs ,  which can take  a  number o f  forms, a re  an 

obvious a l t e r n a t i v e .  For q u a l i t a t i v e  work, v i s u a l  observat ion o f  a  smoke 

t r a c e r  has t h e  obvious advantage o f  s i m p l i c i t y  and economy. However, smoke 

i n t e r f e r e s  w i t h  ongoing work, and the  smoke generator may cause l o c a l  

convect ion t h a t  d i s t o r t s  normal f l o w  pat te rns .  Ins tead of smoke, i s o s t a t i c  

(neu t ra l  buoyancy) bubbles prov ide  very  usefu l  v i s u a l  f l o w  d i r e c t i o n  and 

v e l o c i t y  data. A system of anemometers can measure f l o w  v e l o c i t i e s  d i r e c t l y ,  

b u t  r o u t i n e  determinat ion o f  f l o w  d i r e c t i o n  a t  low v e l o c i t i e s  i s  n o t  c u r r e n t l y  

a  read i  1y ava i  1  ab le  techno1 ogy. F luorescent  p a r t i c l e s  prov ide  a  unique 
t 



signature i n  the presence of background aerosols. The introduction of an ice 
nucleus aerosol provides another unique marker. A nonspecific aerosol can be 
released as a t r ace r ,  b u t  i t s  concentration must be high enough to  be detected , 

above the background aerosol. 

Some of the principal advantages and disadvantages of the major airflow 
tracer  techniques discussed are  shown i n  Table I.  

TABLE 1. Comparison of Techniques t o  Determine Airflow 
Patterns W i t h i n  the Workplace 

Technique Advantage Disadvantage 

Smoke bombs/candl es Required equipment i s  Semiq~ 
readily available Can 1 

Provides v is ib le  can1 
evidence of airflow ope 

May 11 
res 

May 
p1 UI 

I sos ta t ic  bubbles 

Tracer gas 

Tracer aerosols 

uant i ta t ive 
imit v i s i b i l i t y ,  
not perform during 
rations 
eave objectionable 
i due 
enerate thermal 
me s 

Visible Semiquantitative 
More persis tent  than Objectionable during 

smoke operations 
Can leave undesirable 

resi  due 

Quantitative f o r  Can require large array 
noncondensibl e gases, of detectors 
reasonable facsimile Choice of t racer  gases 
fo r  par t ic les  <2 prn l i m i  ted 

Can be quantitative Complex requirement, choice 
of t racers  1 imited 

Large array o f  gas and 
par t ic le  detectors,  as 
well as velocity and 
temperature detectors,  
are  needed 



3.0 SAMPLE EXTRACTION 

The importance of proper location of sample extraction probes for  prompt 
detection of airborne plutonium cannot be overstated. Proper placement of 

. sampling probes requires considerable experience i n  operating fac i l i t i e s .  In 
addition to discussing the location and numbers of extraction s i t es ,  th is  
section provides guidance on sample probe design and orientation. The need 
for fixed and portable extraction probes i s  also addressed. 

3.1 PROBE LOCATIONS AND NUMBER 

The location and number of extraction s i tes  depend on the degree of 
coverage desired or needed to warn personnel of airborne contamination. 

Physical restraints and economic considerations likewise may limit the 

location and number of extraction probes. The number and location of sample 
extraction points shall provide adequate coverage t o  protect workers from 
exposures t o  challenges exceeding 8 DAC-h. Ideally, each work station where 
routine operations w i t h  potential for releasing plutonium are carried out 
would have an extraction probe. Because ideal monitoring arrangements often 
do not exist and complete mix ing  of room air  rarely occurs, the placement of 
sample probes or the CAMS should represent a combination of ventilation flow 
da t a  and operating experience. Many fac i l i t i e s  tackle th is  problem by using 

fixed samplers a t  or in the room exhaust ducts and a mobile CAM placed close 
t o  a particular j o b  w i t h  h i g h  airborne contamination potential. When portable 
units are n o t  used (due t o  space, noise, or other limitations),  extraction 
probes, positioned so as not t o  interfere w i t h  the worker or work, may be 
mounted on o r  near glove boxes, where the highest potential for leaks exists. 
Such mounted units, which could serve as the "primary warning system," should 
be supplemented w i t h  sampling of room exhaust i f  experience and airflow d a t a  
support th is  arrangement. 

In locating sampler inlets  a t  or i n  exhaust ducts w i t h  an area greater 
t h a n  1 f t 2 ,  consideration should be given to p r o v i d i n g  more than one sample 
in le t  in order to ensure representative sampling. If ventilation pattern 
studies confirm good a i r  mixing before reaching the exhaust p o r t ,  then the 



central location of one i n l e t  may be jus t i f ied .  I f  localized airflow patterns 
from potential release sources a re  observed a t  the exhaust port ,  then more 
than one sample i n l e t  should be considered, w i t h  manifolding of the several 
i n l e t s  fo r  delivery to  the detector. Guidance from Appendix A3 i n  ANSI 
N 13.1-1969 (ANSI 1969) may be useful i n  arriving a t  the desired number of 
sample i n l e t s  and t h e i r  locations. 

Downflow ventilation patterns (supply from cei l ing,  exhausts near f loor )  
w i t h  demonstrated clearance of airborne contamination may ca l l  fo r  sampling 
probes i n  locations below the workers' breathing zone to  provide the e a r l i e s t  
warning. 

No sampling device should be positioned where i t  "overcomes" the contain- 

ment bar r ie r  exhaust, thereby causing an airborne contamination reversal. 

I f  j u s t i f i ed  by documented s tudies ,  the user may employ other sample probe 
arrangements. 

3.2 PROBE ORIENTATION 

Sample probe orientation for  warning systems depends on the type of 
sampler/monitor used. Where the sample probe or  pipe leads t o  a col lector /  
detector system, the opening o f  the probe should optimally be facing toward 
the source of contamination. The probe should be r igid and tapered on the 
outer edge t o  extract  aerosols without s ignif icant  perturbation of the flow. 
Blunt samplers can resu l t  i n  the loss of par t ic les  because of turbulence a t  
the opening (Mark, Vincent, and Witherspoon 1982; Vincent, Emmett, and Mark 
1985). 

Although isokinetic sampling principles are  not s t r i c t l y  applicable to  
a i r  monitoring i n  the workplace, i t  i s  s t i l l  desirable to  avoid par t ic le  dis- 
crimination mechanisms a t  the sample entry point. 

Some f a c i l i t i e s  use a close-coupled sampler/collector/detector combin- 
ation tha t  does not meet the probe design considerations of ANSI N 13.1-1969 

(ANSI 1969) b u t  may prove to  be the best warning device. These collectors 
should be evaluated fo r  aerodynamics to  optimize part ic le  collections.  



3.3 FIXED VERSUS PORTABLE EXTRACTION PROBES 

Whether e x t r a c t i o n  probes a re  f i x e d  o r  por tab le ,  t he  user  should observe 

as many good p rac t i ces  o f  aerosol sampling as poss ib le  w i t h o u t  compromising 

the  i n t e n t  o f  the  e a r l y  de tec t i on  system. Because o f  t he  m o b i l i t y  o f  workers, 

a combination o f  f i x e d  and p o r t a b l e  systems w i l l  l i k e l y  be needed t o  mon i to r  

the  working environment. Whi le f i x e d  probes may prov ide  the  s imp ler  arrange- 

ment, t he  need f o r  f l e x i b l e ,  unobt rus ive  probes (whether at tached t o  a p o r t -  

ab le  CAM o r  a remote mon i to r  l i n k e d  t o  a c e n t r a l  vacuum system) may make the  

ANSI N13.1 guidance d i f f i c u l t  t o  f o l l ow .  





4.0 SAMPLE DELIVERY AND COLLECTION SYSTEMS 

Every aspect of the overall rapid detection system must support the broad 
objective, which i s  t o  optimize the collection, detection, evaluation, and 
documentation of s ignif icant  amounts of plutonium part ic les  in the workplace. 
The portion of the system tha t  encompasses the mechanisms fo r  sample transport  
to  the collector,  as well as the collector i t s e l f ,  must be as carefully 
designed, operated, maintained, and calibrated as any other portion of the 
overall system. 

This section discusses the guidelines that  are considered important to  
optimizing both the delivery of par t ic les  to  the sample collector and the 
collection of those part ic les  fo r  presentation t o  the detector. Standard 

approaches are  also recommended to meet the guidelines. 

The discussion tha t  follows i s  presented i n  f ive  major categories: 

guidelines fo r  sample delivery 
guide1 ines fo r  sample collection 

airflow control and measurement requirements 
vacuum source and backup requirements 

r e l i a b i l i t y  of system components. 

4 .1  GUIDELINES FOR SAMPLE DELIVERY 

Even though great care has been taken to  ensure tha t  points of sample 
extraction f u l f i l l  the objective fo r  as-early-as-possible detection of 
plutonium aerosols i n  the workplace, the methods employed fo r  sample intake 
and presentation t o  the detector are also c r i t i c a l  t o  the effect ive 
performance of the sampling-instrument system. 

Two types of sample collection systems are considered acceptable f o r  
prompt detection of airborne plutonium aerosols. One system provides f o r  
collection of par t ic les  on a f i l t e r  medium that  i s  continually "viewed" by an 
alpha detector. An a l ternat ive system use an annular impactor fo r  separation 
of particulates into two size ranges: I) heavier par t ic les  of plutonium and 
those greater than approximately I-pm AED are  impacted and held on a 



scinti l lator- coated planchet tha t  i s  continuously "viewed" by a photomulti- 
p l ie r  tube; and 2 )  smaller par t ic les  of <I pm, typically associated w i t h  radon 
decay par t ic les ,  remain entrained i n  the airstream as i t s  direction i s  
reversed by the impactor device. 

Optimal performance i n  the sample delivery portion of these systems 

requires a design tha t  

shall  minimize par t ic le  losses by various mechanisms (e.g., gravimetric 

se t t l i ng ,  impaction, s t a t i c  charge) 

shall  avoid localized or  preferential areas of par t iculate  b u i l d u p  

on the collecting medium 

shall  eliminate a i r  in-leakage ( less  than 10% of the sampling flow) 

between sample intake and delivery to  the collecting medium 

shall  r e s i s t  corrosion or other possible reactions w i t h  the 

atmosphere sampled and f a c i l i t a t e s  decontamination. 

Standard approaches to  meet these guidelines are  considered i n  the following 

sections. . 

4.1.1 Minimizing Part ic le  Loss 

In bringing the a i r  sample to  the detector,  par t ic le  loss  by impaction 
and other mechanisms can occur i n  two ways: I )  s ignif icant  loss of par t ic les  
can occur i n  a sample transport  l ine  to  the instrument, and 2 )  loss  can occur 
w i t h i n  the portion o f  the instrument where the sample i s  presented t o  the 
collecting medium. 

When a sample transport l i ne  i s  necessary, losses should be minimized by 
meeting the following conditions: 

The transport  l i ne  should be made of conductive material w i t h  a 

smooth in t e r io r  surface. 

The transport  l i ne  should be a single r igid tube w i t h  an internal 

diameter sized to  achieve a t  l eas t  0.5 m/sec (100 ft/min) l inear  

velocity. Where i t  becomes necessary to  use f lexible  tubing, a 
conductive surface t u b i n g  should be chosen. 



The length of the transport tube should be as short  as possible, and 

any length greater than 6 f t  should be we17 studied and just i f ied by 

other overriding factors.  Horizontal runs should be minimized t o  

prevent gravimetric s e t t l  ing. 

The transport tube should have no more than one bend w i t h  the bend 

radius a t  leas t  5 tube diameters. 

The arrangement of sample flow w i t h i n  the instrument i s  predetermined i n  

the case of commercially available instruments. When choices are available 

fo r  f i l ter- type systems, preference should be given to  designs that  maximize 

the smooth flow of the sample to  the collection medium. In these systems, 

designs should be avoided tha t  cause abrupt directional changes i n  the flow 

path or which resul t  i n  a je t- l ike  introduction of the sample tha t  will cause 

impaction and Toss of par t ic les  on the chamber walls. 

4.1.2 Minimizing Sample Self-Absorption 

Because the function of the a i r  monitoring system fo r  plutoniuni aerosols 

depends upon the detection of alpha part ic les ,  i t  i s  important to  maximize the 

efficiency fo r  detection of the alpha radiation. I t  then becomes important to  

have the detector view a th in ,  evenly dispersed collection of par t ic les  from 

the a i r  sample. Pile-up of agglomerated part ic les ,  along with dust and other 

particulates i n  the work atmosphere, produces s ignif icant  loss in alpha 

detection capabil i ty  due to  sel  f-absorption affects .  Frequent sample changes 
(daily) are strongly recommended to  minimize atmospheric dust 1 oading that  

could interfere  w i t h  alpha counting. (See Section 4.2.4 fo r  additional 
information.) Consequently, the sample flow to  the col lector  medium should 
produce an evenly distributed collection of par t ic les  w i t h  approximately the 
same surface dimensions as the detector. Conversely, the detector should be 
sized to  f i t  the desired sample dimensions i n  order to  maximize the counting 
efficiency. 

4.1.3 Eliminating Air In-Leakage 

For f i l t e r  collection systems, a i r  leakage between the sample intake and 
.- 

the sample collection medium should be v i r tua l ly  eliminated to  the greatest  

degree possible by instrument design. Vacuum seal mechanisms should be easy 



t o  operate and eas i ly  maintained. O-rings are  generally required and should 
be chosen and specified fo r  character is t ics  of long l i f e  and capabi l i ty  t o  
retain dimension and r e s i l  ience. Procedures should be employed f o r  routine 

checks of a i r  in-leakage. One of several approaches may be used: 

1. The leakage may be checked by gently blocking the a i r  i n l e t  and 
observing whether any flow i s  indicated by the airflow meter 

associated w i t h  the instrument. Care must be taken because the 
detector and f i l t e r  medium may be damaged by abrupt pressure 
changes. 

2 .  The instrument may be isolated from the usual vacuum source, and a 
vacuum pulled on the system to  a s e t  point, w i t h  loss of vacuum 
noted by gage. 

3. The t racer  o r  other leak- testing techniques may be conducted per 
ANSI Leak Testing Standard N 14.5-1987 (ANSI 1987). Air in-leakage 
should be less  than 10% of the nominal flow rate .  

4. Rotometers may be positioned up- and downstream of the section to  be 
tested,  and the different ial  reading (with appropriate corrections 
fo r  pressure differentia1 ) used as an index of in-leakage. 

The second or  t h i r d  approaches are  not amenable t o  tes t ing a system i n  

service, b u t  should be considered fo r  acceptance test ing of new equipment and 
test ing of equipment removed from service fo r  calibration or repair.  Some 
systems have a low flow alarm tha t  w i l l  be activated by these t e s t s  and, 
par t icular ly fo r  f i e l d  tes t ing ,  provisions should be made to  inform affected 
personnel of the t e s t .  

4.1.4 Minimizing Deterioration and Faci l i ta t ing Decontamination Capability 

Where the sample intake i s  separated by distance from the instrument, 

adherence to  the foregoing standards fo r  conductive, r ig id ,  single-piece 
sample delivery tubes typically resu l t s  i n  the choice of s ta in less  s teel  for  

these tubes. This choice will s a t i s fy  the c r i t e r i a  fo r  a delivery tube tha t  
has a long l i f e  and does not corrode or deter iorate  under conditions of . - 
workplace sampling. The use of f lex ib le  p las t ic  tubing should be avoided f o r  
reasons concerning deterioration w i t h  age and suscept ibi l i ty  to  kinking and 



p a r t i c l e  losses caused by  s t a t i c  charge. The choice of s t a i n l e s s  s t e e l  t u b i n g  

w i l l  a l s o  f a c i l i t a t e  decontamination o f  t he  sample d e l i v e r y  tube, should t h a t  

- become necessary. 

The system and mechanisms w i t h i n  the  inst rument  f o r  sample c o l l e c t i o n  

a l s o  should be designed and cons t ruc ted  t o  minimize d e t e r i o r a t i o n  and t o  

f a c i l i t a t e  decontamination. The f i l t e r / c o l l e c t i o n  medium ho lder  should be 

e a s i l y  removable f o r  decontamination, and easy access f o r  decontamination 

should be prov ided t o  t h e  sample d i s t r i b u t i o n  system w i t h i n  the  inst rument  and 

t o  the  de tec tor .  Annular impactor devices r e q u i r e  p e r i o d i c  i nspec t i on  and 

c lean ing  t o  ensure aga ins t  bu i l dup  o f  i n e r t  o r  contaminated ma te r ia l s .  

4.2 GUIDELINES FOR SAMPLE COLLECTION 

The sample c o l l e c t i o n  system f o r  r a p i d  de tec t i on  o f  p lutonium p a r t i c l e s  

i n  t he  workplace should be designed and operated t o  op t im ize  var ious  char-  

a c t e r i s t i c s  important  t o  ach iev ing  a  des i red  l e v e l  o f  s e n s i t i v i t y .  Most 

f i l t e r - t y p e  inst ruments f o r  r a p i d  de tec t i on  o f  a i rbo rne  p lutonium use an alpha 

spectrometry approach t o  e l i m i n a t e  a  major p o r t i o n  o f  t he  alpha a c t i v i t y  con- 

t r i b u t i o n  from n a t u r a l  background. Consequently, a  major f ea tu re  o f  t h e  

c o l l e c t i o n  system should be t o  minimize the  degradat ion o f  alpha p a r t i c l e  

energies w i t h i n  t h e  sample i t s e l f  and w i t h i n  the  c o l l e c t i n g  medium. While 

l e s s  c r i t i c a l  f o r  impactor- type instruments, i t  i s  a l s o  important  t o  minimize 

l o s s  o f  alpha p a r t i c l e s  w i t h i n  the  sample and t o  q u a n t i f y  t y p i c a l  c o l l e c t i o n  

e f f i c i e n c i e s .  

The c h a r a c t e r i s t i c s  o f  t he  sample c o l l e c t i o n  system design and opera t ion  

be l ieved most important  a r e  as fo l l ows :  

The sampling r a t e  should be an acceptable compromise between a  h igh-  

volume f l o w  t o  capture as l a r g e  a  sample as f e a s i b l e  and t h e  prac-  

t i c a l  l i m i t a t i o n s  o f  phys ica l  fea tures ,  c o l l e c t i n g  medium and 

de tec to r  s ize .  For impactor systems the  sampling r a t e  must be 

mainta ined t o  achieve the  s i z e  f r a c t i o n a t i o n  design fea ture .  

The phys ica l  dimensions o f  t he  c o l l e c t i o n  medium should be approxi-  

mately  comparable t o  de tec to r  s i z e  and maximize p a r t i c u l a t e  c o l l e c-  

t i o n  e f f i c i e n c y  f o r  p a r t i c l e  s izes  o f  i n t e r e s t .  



The collection medium used should minimize particle burial within 

the medium and present a relatively low resistance to airflow. The 

medium should also be amenable to other methods of analysis, when 

desired (e .g. , it should have negl igibl e background count contri- 
bution, present no interference to the analysis method, and be easy 

to process). 

The frequency of change of the sample collection medium should be 

guided by sample loading experience, specific workplace needs, and 

experience with optimal sampling periods to obtain samples contain- 

ing the amount of activity for the optimal discrimination of natur- 

ally occurring activity. 

The standard approaches recommended to meet these guidelines are dis- 

cussed below. 

4.2.1 Sample Flow Rate Considerations 

Although lower levels of sensitivity in terms of DAC-h to arrive at a 

valid alarm level can be achieved by high-volume air sampling (sampling rates 

greater than 20 scfm), practical considerations usually dictate that an 

acceptable compromise be made. These considerations include sizing of vacuum 

source and supply system for central-vacuum, fixed installations, and portable 

units; sizing of the instrument itself; and sizing of the collecting medium in 

order to achieve optimal retention, prevent sample blowoff, prevent sample 

burial in the filter medium, and prevent deterioration of the filter medium. 

Experience has shown the following sample flow rates to be commonly achievable, 

considering the factors involved: 

for the impactor-type CAMS, a flow rate of about 40 scfm 

for 47-mm-diameter filter media, a flow rate of about 2 scfm 

for 25-mm-diameter filter media, a flow rate of about 1 scfm 

For the filter medium collectors, the flow rates indicated above produce a 
linear velocity through the effective area of the filter in the range of 60 to 

100 cm/sec. 

The choice of flow rate also must consider the capability of the vacuum 

source for the ambient pressure conditions at the facility location. Air 



movers a t  locations appreciably above sea level will have less  capabili ty (in 
standard cubic fee t  per minute) than those a t  sea level. 

When f i l t e r  media a re  used, a backup support t ha t  produces negligible 
pressure drop shall  be used behind the f i l t e r  t o  prevent cupping and medium 
deterioration. The medium chosen should also be strong enough to  maintain 
integri ty  a t  the sample flow rates  and during handling before and a f t e r  
sampl i ng . 
4.2.2 Desired Characteristics of the Collection Medium 

The collection medium used should have a high efficiency fo r  collection 
of par t ic les  i n  the s ize range of interest .  This s ize  range i s  generally con- 

sidered to  be from I to  10 vm. The collection efficiency should be greater 
than 90%. 

Typical f i l t e r  pressure drop and collection eff ic iencies  fo r  I-vm AED 

par t ic les  are  shown in Table 2. 

TABLE 2.  Par t ic le  Co17ection Efficiency and Typical Pressure Drop 
fo r  Selected F i l t e r  Types (Liu, P u i ,  and Rubow 1983) 

Pressure 
Ve1 oci ty  , Drop, Collection 

F i  1 t e r  Type cm/sec cm/Hg Efficiency, % 

Cell ul ose (a )  45.2 3 
124 10 

Glass Fiber 

Membrane (3-urn) 7 2 10 
13 1 20 

Membrane (5-urn) 59 6 
98 10 

( a )  I t  should be noted tha t  cellulose f i l t e r s  are  not recommended 
as CAM f i l t e r  media because of s ignif icant  "burial" of 
par t ic les  i n  the matrix of the f i l t e r .  



High pressure drop can reduce flow. Glass fiber f i l t e r s  show a moderate 

degree of pressure d r o p ,  while membrane f i l t e r s  show a significant pressure 
drop  that increases with decreasing pore size. For membrane f i l t e r s ,  a 
nominal pore size <1.5 vm gives a reasonable compromise between particle 

collection efficiency and airflow resistance. 

In the impactor-type CAM, the heavier particles are collected on an 
optically transparent plastic planchet that i s  coated w i t h  Zns (Ag) and a thin 
film of a silicone fluid. Collection efficiencies are found to be 90% and 

greater for  particle sizes >0.5 vm. 

To optimize the geometry affecting the counting efficiency, the collec- 

tion medium size and detector size should be approximately equivalent. I t  i s  
highly desirable to achieve a 2a counting efficiency from the geometric con- 
figuration of a t  leas t  10%. Greater efficiencies are highly desirable. 
(Counting efficiencies of approximately 40% are observed with the impactor- 
type CAM.) Note: In comparing count results with DAC values as in 

calculating the lower limit of detection, a 4a counting efficiency must be 
used rather t h a n  2a. - 

The spacing between detector and sample should be small to minimize 
degradation of alpha particles by a i r  absorption, b u t  not so small as t o  
adversely affect the counting efficiency and t o  result in particle losses 
created by impaction on chamber walls. 

4 . 2 . 3  Burial Loss and Pressure Drop Considerations f o r  the Collection Medium 

The sample collection medium used should minimize the loss of capability 
t o  detect emitted alpha particles a t  o r  near their  true energies as a result  
of burial of particulates in the matrix of the f i l t e r  o r  within the mass of 
sample collected. B o t h  glass fiber f i l t e r s  t h a t  have a random mesh of fibers 
and membrane f i l t e r s  that have a controlled pore size are commonly used for 
r a p i d  detection airborne plutonium monitors. Even though the cost i s  greater, 
the use of membrane f i 1 ters  i s  recommended for f i 1 ter-type sample col 1 ectors . 
Membrane f i l t e r s  offer advantages in decreased burial loss of part icles,  which 
enhances alpha spectrometry, and are more amenable t o  other analytical methods 
i f  that should be desired for further characterization of the sample. W i t h  

proper selection of pore size in a membrane f i l t e r ,  i t  i s  also possible that a 



portion of the naturally occurring part iculates ,  which are ,  typically,  

extremely small par t ic les ,  may pass through the f i l t e r .  

Although membrane f i l t e r s  are  recommended because of the i r  surface 

deposition character is t ic ,  properly chosen glass f i b e r  f i l t e r s  also 

e f f ic ien t ly  col lect  the par t ic le  s izes  of in te res t  on the surface of the 

medium. Higby (1984) investigated alpha counting losses fo r  a  particular type 

of glass f ibe r  f i l t e r  medium (HV-LB5211). These data should be indicative of 

the performance to  be expected from similar glass f iber  f i l t e r s .  In general, 

Higby found that  10 to  15% of alpha part ic les  from Pu02 aerosols were los t  fo r  

counting by burial w i t h i n  the medium; loss of alpha part ic le  resolution was i n  

the order of 2%. His investigation included part ic le  sizes ranging from 0.66 

to  3.07 pm a t  1  inear sample veloci t ies  ranging from 50 to  200 cm/sec. His 

study confirmed that  glass f iber  f i l t e r s  tend to  be surface col1ectors, 

particularly fo r  par t ic le  s izes  larger than 1 pm a t  l inear  velocities typical 

fo r  f i l ter- type CAMs. From these data i t  appears that  burial of par t ic les  

should be considered b u t  i s  not a  major source of e r ror  when carefully chosen 

glass f iber  f i l t e r s  a re  used fo r  the CAM sample collection medium. 

For the impactor-type CAMs, an annular deposition of par t ic les  occurs on 

the surface of the sil icone fluid-covered sc in t i l l a t ion  material. This i s  . 
primarily a  surface collection phenomenon; however, excessive use of coating 

f lu id  and excessive buildup of the sample deposit can cause a  s ignif icant  loss 

of alpha part ic les  by absorption. These factors must be controlled. 

4.2.4 Frequency of Sample Change 

The frequency of sample changing f o r  rapid detection monitors shall  be 

determined by considering needs and limitations of the workplace. The 
rationale f o r  sample change frequency shall be well thought-out and docu- 
mented. The establishment of a  sample change frequency should consider: 

minimizing the atmospheric dust loading on the sample 

establishing an acceptable "routine1' fo r  servicing and inspection of 

the instruments 

establishing a  special surveillance schedule fo r  high r isk potential 

work phases 



establishing a new baseline a f t e r  an alarm and when controll ing or  

corrective actions have been taken 

providing a schedule to  accommodate special needs per work s h i f t  o r  
per operational phase. 

I t  i s  recommended tha t  the collection medium be changed a t  l eas t  once a 
week. Daily changes are  strongly advised to  minimize atmospheric dust loading 
on the collector.  

4.3 AIR FLOW CONTROL AND MEASUREMENT REQUIREMENTS 

Each instrument fo r  rapid detection monitoring of plutonium aerosols 
should be equipped w i t h  a re l iab le  airflow ra te  measuring device. In addi- 
t ion,  the flow ra te  should be adjustable a t  o r  very near the instrument. 
While accuracy i n  the airflow ra te  measurement i s  not extremely important for  
rapid detection instruments, the nominal airflow ra te  should be the minimum 
value throughout the period of sampling. I t  i s  recommended tha t  higher flow 
rates be no greater than 20% of the nominal value. 

Maintenance of flow ra te  can be provided by flow control devices tha t  
adjust flow ra te  to  compensate fo r  f i l t e r  loading. Because excessive f i l t e r  
loading i s  detrimental t o  par t ic le  detection and the alpha spectrometry 
feature employed by most CAMs, i t  i s  preferable to  maintain a periodic (once 
per s h i f t  o r  once per day) surveillance of instrument s t a tus ,  including the 
airflow rate .  Cases o f  rapid and s ignif icant  loss of flow ra te  should 
indicate the need fo r  increased frequency of sample col lector  change. 

Most commercially available CAMs are provided w i t h  simple rotometers for  
measurement of airflow. The rotometer i s  a variable diameter tube containing 
an indicator f loa t .  The aerodynamic forces of the airflow w i t h i n  the tube 
raise  the f l o a t  t o  a level proportional t o  the airflow. The accuracy of the 

rotometer i s  affected by the degree of internal cleanliness and variations i n  

nonstandard conditions for  the a i r  flowing through the tube, e.g., pressure 

and temperature. A new rotometer can be expected to  be more accurate than one 
tha t  has been i n  service f o r  some time. Recalibration of CAM rotometers . 
should be performed a t  l eas t  annually, w i t h  corrections made fo r  conditions of 
actual use. (Note tha t  the rotometer i n  t h i s  use i s  operating i n  a system a t  



less  than atmospheric pressure.) I t  i s  highly recommended tha t  i n i t i a l  and 
recal ibrations be performed using a mass flow meter w i t h  i t s  cal ibration 
traceable t o  a National Bureau of Standards (NBS) standard. These devices 
use a measurement of heat dissipation to  measure airflow, are more accurate 
than rotometers, and of fer  negligible pressure drop i n  the system. The 
indicated flow ra te  i s  fo r  "standard" conditions of temperature and pressure. 

I t  i s  recommended tha t ,  when feasible ,  consideration be given to  use of 

mass flow meter devices for  measurement of airflow a t  the instrument. Tn some 
applications, a mass flow meter may be considered susceptible to  breakage 
under f i e ld  operation or  calibration conditions. In those cases i t  i s  
recommended tha t  the f i e l d  calibration device be bench-calibrated w i t h  a mass 
flow meter. 

4.4 VACUUM SOURCE AND SYSTEM BACKUP REQUIREMENTS 

A re l iable  source of vacuum w i t h  adequate reserve capacity i s  necessary 
for  individual or  multiple CAM systems. Single or  portable instruments should 
be equipped w i t h  a positive displacement vacuum pump w i t h  adequate and reserve 
capacity to  provide the desired airflow rate.  As indicated ea r l i e r ,  f a c i l i t i e s  
a t  higher elevations w i l l  require added pump capacity to  provide the desired 
sampling rate .  The vacuum pump should not overload a t  the desired sampling 
rate  and should be powered by 110 V (ac) . Mu1 t i p l e ,  fixed-unit CAM systems 
should be hard-piped and manifolded to  a central vacuum source w i t h  adequate 
and reserve capacity to  provide the desired sampling ra te  fo r  a l l  monitor 

instruments. Care must be taken i n  the design of the manifolding and pipe run 
system to  provide adequate sampling capacity a t  remote points i n  the system. 
Individual or  central a i r  movers should be equipped w i t h  a low flow ra te  alarm 
signalled to  an appropriate location fo r  response actions. 

I t  i s  highly recommended tha t  a central source of vacuum be backed up  by 
a redundant spare u n i t  to  eliminate the possibi l i ty  of system downtime fo r  

repair. Any major system downtime could resu l t  i n  curtailment of operations 
i n  the f ac i l i t y .  

Although somewhat controversial, consideration should be given to  the 
need fo r  a supply of emergency power to  fixed instruments and to  the i r  source 



of vacuum. It is usual practice that operating personnel evacuate their work 
areas when a loss of electrical power occurs. Thus, the need for further 
warning capability may not be necessary. On re-entry, however, it may be . - 

beneficial to know whether aerosol releases have occurred in the interim. If 

emergency power cannot be supplied to all instruments, consideration should be 
given to providing that capability for instruments in representative and/or 
high-risk locations. 

4.5 RELIABILITY OF SYSTEM COMPONENTS 

The reliability of the components of the sample delivery and collection 
system, and their interactions, are just as important as the reliability of 
the instrument portion of the total rapid detection system. These components 
shall be designed, maintained, and calibrated to reproduce their functions 
over a long period of time and under varied environmental conditions. 

4.5.1 Specifications 

The specifications for sample delivery and collecting system components 
should be developed with care and engineering input whether procurement is 
from commercial vendors or from in-house sources. Specifications should 
ensure, as applicable, that: 

Item will be user- and maintenance-friendly. 

8 Construction material and surface finishes will resist corrosion, 
minimize particle losses, and sustain decontamination. 

Components can be made accessible for inspection, maintenance, and 

cleaning. 

Collection medium will collect particle sizes of interest with high 
efficiency and minimal self-absorption effects, concomitant with 

acceptable pressure drop. 

The system will have negligible in-leakage of air. 

Airflow measurement devices will present no ambiguity in readout, 
show adequate sensitivity, and give continued reproducible service 
over a long time period. 



Air movers will maintain adequate capacity plus reserve over a long 

time period. Their noise levels should be within acceptable limits. - .  
Emergency power will be supplied to central vacuum sources or to 
selected individual units. 

4.5.2 Acceptance Testins 

New equipment should be subjected to acceptance testing against specifi- 

cations, at least on a statistical basis. Although acceptance testing of 

filter media is not generally feasible, equipment should be procured from a 

reputable vendor and visually inspected for mechanical defects. Where pos- 

sible, sample collection efficiencies should be locally verified. 

4.5.3 Inspections 

Periodic inspections are vital to maintaining reliability in operation 

for most components of the sample delivery and collection system. Periodic 

inspections should include: 

condition of sample transport lines (e.g., cleanliness, deterio- 

ration, bl ockage, water) 

condition of O-rings and seals 

tests for air in-leakage 

detector and sample collection chamber contamination and cleanliness 

cleanliness of airflow meters 

loading experience for collectors (excessive loading indicates need 

for more frequent sample change) 

mechanical performance of air movers. 

Maintenance and Calibration 

A formal program for maintenance and calibration of sample delivery and 

collection components should be integrated into the instrument maintenance and 

calibration program. A high priority for repair and maintenance must be 
established for these components. Particular attention should be given to the 

periodic, documented calibration of airflow measurement devices. 





5.0 INSTRUMENT SPECIFICATIONS FOR EFFECTIVE EARLY DETECTION 

OF AIRBORNE PLUTONIUM I N  THE WORKPLACE 

The measurement ins t rumenta t ion  q u a n t i f i e s  the  amount o f  a i rbo rne  p l u-  
g 

tonium present.  I f  the  o the r  components o f  t he  prompt de tec t i on  system oper- 

a t e  proper ly ,  a  well-chosen, we l l - ca l i b ra ted ,  and wel l-mainta ined inst rument  

w i l l  p rov ide  the  c o r r e c t  a i rbo rne  p lutonium concent ra t ion  and a c t i v a t e  t h e  

alarms a t  t he  proper t imes. 

The var ious f a c t o r s  t h a t  should be considered t o  o b t a i n  a r e l i a b l e  

inst rument  f o r  t he  measurement o f  a i rbo rne  p lutonium a re  discussed i n  t h i s  

chapter, a long w i t h  t h e  impact o f  some o f  t he  c h a r a c t e r i s t i c s  o f  o t h e r  

components o f  t h e  system on inst rument  performance. The i n fo rma t ion  i n  t h i s  

chapter  i s  inc luded t o  emphasize the  i n t e r r e l a t i o n s h i p  o f  a l l  components o f  

the  system f o r  proper  opera t ion  o f  t he  e n t i r e  system. The lower l i m i t  o f  

de tec t i on  and the  performance c h a r a c t e r i s t i c s  o f  de tec tors  and f i l t e r s  a re  

discussed i n  Sect ions 5.1 and 5.2, respec t i ve l y .  R e l i a b i l i t y  c r i t e r i a  a re  

g iven i n  Sect ion 5.3. Sect ion 5.4 provides d e t a i l s  on good p rac t i ces  o f  

maintenance and c a l i b r a t i o n .  F i n a l l y ,  Sect ion 5.5 covers the  c h a r a c t e r i s t i c s  

o f  comnonly used p lutonium a i r- sampl ing  instruments. 

5.1 LOWER LIMIT OF DETECTION 

The pr imary purpose o f  any CAM i s  t o  de tec t  t he  presence o f  a i rborne 

r a d i o a c t i v i t y  and a c t i v a t e  an alarm t o  warn personnel i n  t he  area so t h a t  

ac t ions  can be taken t o  minimize personnel exposures (ANSI N317-1980). The 

lower l i m i t  o f  de tec t i on  f o r  prompt de tec t i on  systems s h a l l  be 8 DAC-h, 

averaged over  any t ime pe r iod  exceeding 1 min. With t h i s  purpose i n  mind, the  

goal f o r  any CAM should be t o  perform t h i s  f u n c t i o n  as q u i c k l y  as poss ib le  and 

a t  t he  lowest  de tec tab le  l e v e l  o f  the  r a d i o a c t i v i t y  o f  concern. The q u a n t i t y  

o f  a i rborne r a d i o a c t i v i t y  t h a t  w i l l  r e s u l t  i n  an alarm w i t h i n  a  g iven t ime 

i n t e r v a l  i s  de f ined i n  u n i t s  o f  DAC-h f o r  a  p a r t i c u l a r  rad ionuc l i de  and i s  a  

func t i on  o f  t he  n u c l i d e ' s  a i rbo rne  concent ra t ion  i n  DACs, the  sampling ra te ,  

t he  lower l i m i t  o f  de tec t i on  f o r  t he  instrument,  and the  t ime needed f o r  the  

alarm t o  occur. The lower l i m i t  o f  de tec t i on  may be a f fec ted ,  however, b y  . 



spurious alarms caused by interference from natural airborne radioact ivi ty ,  an 
electromagnetic f i e l d  or  l i n e  perturbations, or  other factors .  I f  excessive 
spurious alarms occur, prompt responsive action by personnel will decrease and 
the CAMS w i l l  not serve t h e i r  intended purpose. Therefore, optimization of a 
CAM involves providing the detection of the lowest possible level of collected . - 
radioactivity i n  the shortest  possible time while simultaneously ensuring tha t  
spurious alarms are  minimized t o  an acceptable level.  The acceptable level of 
spurious alarms i s  a rb i t ra ry  and subjective and depends upon such factors  as 
the specif ic  use of the instrument and the number o f  to ta l  instruments a t  a 
f a c i l i t y .  

5.2 DETECTION AND FILTER CHARACTERISTICS 

A number of different  factors a f fec t  the level of radioactivity tha t  w i l l  

be detected by an instrument in a given amount of time and the probabili ty of 
experiencing spurious alarms. Besides the volume and ra te  of a i r  sampled 
(already covered i n  Section 4.2.1), major factors include I )  efficiency of the 
radiation detector and sampling u n i t ;  2 )  methodology fo r  radiation discrimina- 
tion and natural airborne radioactivity compensation; 3 )  methodology f o r  
alarming the instrument; 4 )  shielding f o r  extraneous sources of interference; 
and 5) mechanical /e lectr ical  re1 iab i l  i ty and ruggedness. These factors  a re  
discussed below. 

5.2.1 Efficiency of the Radiation Detector and Sampling U n i t  

The efficiency of the detector i s  related to  the inherent detector sensi- 
t i v i t y ,  the geometry of the detector i n  relation to  the f i l t e r  medium or sam- 
ple charnber, and the character is t ics  of the f i l t e r  and u n i t  operation. These 
character is t ics  include burial of radioactivity i n  the f i l t e r ,  attenuation due 
t o  dust loading, and self-attenuation. Consideration shall  be given to  each 
of these factors to  maximize the detection of radioactivity upon the f i l t e r .  

Most modern, commercially available alpha-continuous a i r  monitors employ 
sol id- state  surface bar r ie r  and/or diffused-junction detectors,  w i t h  the 
l a t t e r  type being generally preferred because of the i r  be t te r  durabi l i ty  i n  

harsh environments. These detectors typically exhibit  an inherent efficiency 
fo r  alpha-particle detection i n  the range of 8 to  30% ( 2 ~  geometry), depending . 



upon the  commercial manufacturer, w i t h  degradat ion o f  t he  e f f i c i e n c y  r e s u l t i n g  

w i t h  prolonged use. Ten percent  should be considered t o  be the  lower accept- 

ab le  e f f i c i e n c y  l i m i t  f o r  t h i s  type o f  detector .  The s i z e  of t he  de tec to r  i s  

a l s o  important.  Because o f  cos t  l i m i t a t i o n s ,  t he  de tec tors  i n  most commercially 

a v a i l a b l e  CAMs are  about 500 m2; however, as cos ts  decrease, t h e  use of 

l a r g e r  de tec tors ,  approximately 2000 mm2, may soon become pre ferab le  t o  the  

smal le r  ones. The sample diameter should approximate the  de tec to r  diameter t o  

avo id  losses i n  de tec t i on  e f f i c i e n c y .  
1 

The d is tance o f  the  f i l t e r  f rom t h e  de tec to r  i s  another important  f ac to r  

f o r  alpha CAMs. Sca t te r i ng  and energy degradat ion of t he  alpha p a r t i c l e s  by 

b u r i a l  i n  t h e  f i l t e r  medium and i n  t h e  i n t e r v e n i n g  a i r  produce i n  bo th  

decreased de tec to r  e f f i c i e n c y  and poor spec t ra l  r e s o l u t i o n  f o r  spectroscopy 

instruments. Therefore, t h i s  d is tance s h a l l  be minimized as much as poss ib le  

t o  reduce these e f f e c t s .  The d is tance i s  approximately 1/8 i n .  f o r  most 

commercial ly a v a i l a b l e  instruments; however, some manufacturers i n d i c a t e  t h a t  

d is tances up t o  3/8 i n .  can be u t i l i z e d  w i t h  minimal degradat ion o f  energies. 

A good inst rument  maintenance and adjustment program i s  necessary t o  main ta in  

these d is tances over pro1 onged t ime per iods.  

A few noncommercial CAMs prov ide  an evacuated chamber t o  minimize a i r  

i n t e r v e n t i o n  e f fec ts .  Unfor tunate ly ,  t he  r e l i a b i l i t y  o f  these inst ruments 

tends t o  s u f f e r  from increased mechanical complexity.  Also, t he  response t ime 

o f  t he  inst rument  lengthens due t o  having t o  evacuate the  chamber be fore  

count ing c o l l e c t e d  a c t i v i t y  on a f i l t e r .  

5.2.2 Method01 ogy f o r  Rad ia t ion  D isc r im ina t i on  and Natura l  R a d i o a c t i v i t y  

Compensation 

The nex t  f a c t o r  t o  be discussed, as r e l a t e d  t o  CAM de tec t i on  c a p a b i l i -  

t i e s ,  i s  t he  technique used f o r  d i s c r i m i n a t i n g  aga ins t  n a t u r a l  a i rborne 

r a d i o a c t i v i t y .  The major problem a f f e c t i n g  CAMs used f o r  de tec t i on  o f  p l u -  

tonium and o the r  t ransu ran i c  alpha-emi t t i n g  nuc l ides  i s  t h e  presence o f  
nnn 
LLL na tu ra l  background r a d i a t i o n s  from radon- thoron daughters. The Rn grand- 

-. daughter, '18po, has a 6 .O-MeV a1 pha p a r t i c l e  emission; radon-220 even tua l l y  
nr n 
L l L  

decays t o  B i  w i t h  a 6.05-MeV alpha p a r t i c l e  emission. The degradat ion o f  

these a1 pha p a r t i c l e s  by  f i l t e r  imbedding and i n t e r v e n i n g  a i r  between f il t e r  

and de tec to r  r e s u l t s  i n  5-  t o  6-MeV energies s i m i l a r  t o  those o f  t he  nuc l ides  



t ha t  one desires t o  detect. Figure 3 i l l u s t r a t e s  the overlap of these 
natural ly  occurring isotopes w i t h  2 3 9 ~ u  set t ings for  most instruments 

(Cucchiara, Stafford, and McAtes 1983). Because the level of '18po and 2 1 ZB . 
present in a work area can f luctuate  dras t ica l ly  w i t h  ambient atmospheric 

ccnditions, workplace ventilation ra tes ,  f a c i l i t y  construction material ,  and . 
temperature, interference from the nuclide i s  highly unpredictable and shal l  

be compensated against t o  minimize spurious alarms while allowing a reasonably 

low alarm set t ing.  Setting the window w i d t h  of the background t o  1 MeV, w i t h  

the thresh01 d riding on the upper p1 utonium window se t t ing ,  reduces in te r fer-  a 

ence from the highly variable RaC' ('18po). Additionally , correct se t t ing  of 

the background subtract percentage also reduces th i s  interference. 

The ear ly commercial CAMs provided l i t t l e  or no compensation against 

'18po and '12si alpha interference, and such units should be used only f o r  

closely supervised short-term operations to  preclude interference problems. 

Later CAMs have become more sophisticated and typically employ a single- 

channel analyzer (SCA) dedicated t o  measuring the ''*PO and '12gi level . A 

/ \ (Background) 
(6.00 MeV and 6.05 MeV) I (5.15 MeV) 

I \ I I 

- Primary Window Background Window I (1 MeV1 I I1 MeV1 

Threshold 

FIGURE 3. 2 3 9 ~ u  and Background A1 pha Part ic le  
Energies as They Relate t o  Typical 
CAM Settings fo r  a Plutonium Work Area 



constant fraction of the alpha par t ic le  detected by t h i s  SCA i s  then assumed 
to  cause interference i n  the primary measurement region fo r  plutonium and i s  

b electronically subtracted out of th i s  l a t t e r  region. Although the scheme i s  
much improved compared to  CAMs without compensation, i t  suffers from the fac t  
tha t  the 218~o and '12si interference into the primary region of in te res t  i s  
not t ru ly  a constant fraction. Rather, the interference tends to  decrease 
w i t h  the length of time the u n i t  i s  i n  operation, probably as a resu l t  of 
decreased f i l t e r  burial as dust loading increases. 

4 

W i t h  the compensation scheme discussed above, typical commercially avail-  
able CAMs should be able to  detect a t  leas t  7.5 t o  10 DAC-h of 2 3 9 ~ u  a t  a 

3 typical sampling ra te  of 2 f t  /min .  Under these conditions, such instruments 
should be able t o  operate 24 h/day w i t h  an acceptable low fa lse  alarm ra te  
caused by 218~o and '12si interference. The units could also be run fo r  short 
time periods w i t h  lower alarm set t ings and resultant improved detection. 
Increasing the airflow ra te ,  the detector s ize ,  o r  the detector efficiency 
will also proportionally reduce the detection level. 

5.2.3 Methodology fo r  Activating the CAM Alarm 

Microprocessor-based CAMs will also allow fo r  future improvements to  be 
made i n  determining when a CAM activates an alarm. Present units usually have 
a single high-level adjustable s e t  point. This alarm set t ing should be high 
enough to minimize spurious alarms originating from fluctuations i n  natural 
airborne radioactivity. A major disadvantage to  th i s  relat ively high alarm 
point set t ing i s  the increase i n  time required t o  detect a low-level release 

of radioactivity. W i t h  a detection capabili ty of 20 DAC- h, the instrument 
must operate for  20 h a t  a 1 DAC level t o  detect a 1-DAC release level.  
Another disadvantage of a single-point trip alarm i s  the inabi l i ty  to  avoid 
alarms resulting from rapid temporary perturbations, such as a re  typical ly  
caused by extraneous electromagnetic or  e lec t r ica l  interference. 

Microprocessor-based CAMs under development will allow fo r  software 

programming that  will mitigate both of the above problems. For example, the 
. u n i t  can be programmed to  provide an alarm when the detection l imit  exceeds a 

pre-established s t a t i s t i c a l  limit based on the recent counting history,  allow- 
s ing fo r  a quicker response to  slow releases. To minimize fa l se  alarms caused 

by transient spikes from extraneous interference, the CAM can be programmed to 



alarm only when a high-level t r i p  point i s  exceeded f o r  a pre-established 
sustained time interval.  These improvements i n  alarm methodology, along w i t h  

the improved "*PO and '12si compensation, should a1 low the new generation of * 

microprocessor-based CAMs to  rel iably detect transuranic airborne radioactiv- 
i t y  a t  4 DAC-h o r  lower. Alarms have also been improved to  incorporate a vari-  
able frequency t o  avoid differences i n  alarms from other laboratory instruments. 
I t  a lso allows those individuals who have specif ic  hearing frequency deficienc- 
ies  t o  detect the CAM alarm. 

s 

5.2.4 Shieldins f o r  Extraneous Sources of Interference 

Several extraneous sources can af fec t  the r e l i a b i l i t y  of CAMs. These 
major extraneous sources a re  large amounts of beta, gamma, o r  neutron radia- 
t ion,  radiofrequency (RF) interference, temperature, and vibration. CAMs 
should be appropriately shielded o r  inherently designed t o  detect only alpha 
radiations i n  the presence of other potential ambient radiation sources. Many 
commercial CAM manufacturers incorporate a RF shield around the sol id  s t a t e  
detector,  which i s  re lat ively effect ive i n  low-RF environments. Tn higher RF 

f ie lds  a Faraday Cage around the instrument may be required. Most commercial 
CAMs operate adequately under normal ambient laboratory and environmental 
temperatures. However, when temperature variations f a l l  below 0°F or  above 
l lO°F, special instrument design character is t ics  must  be incorporated. I f  
these excessive constraints are possible, they should be clear ly ident i f ied i n  

the instrument design specifications.  Additionally, unusual vibration o r  
acceleration character is t ics  of the instruments' environment should be incor- 
porated i n  the procurement specifications.  Most manufacturers have the capa- 
b i l i t y  t o  t e s t  and ce r t i fy  instruments t o  meet variable vibration frequency 
environments. 

5.2.5 Mechanical/Electrical Rel iabi l i ty  and Ruggedness 

The following are  examples of specifications tha t  may be included to  
ensure mechanical/electrical r e l i a b i l i t y  and ruggedness. 

Detector Type 

The detector should be environmentally sealed. I t  should also be 
cleanable and res i s tan t  t o  corrosive environments such as 2M HN03 vapors. - 
(See also Section 4.5.) 



5.2.5.2 Location of the Detector and F i l t e r  Assembly 

When the detector and f i l t e r  assembly i s  mounted on the mainframe 
electronics,  no external cable shall  be required. The de tec to r / f i l t e r  
assembly should have a connector capable of mating d i rec t ly  with another con- 
nector on the housing o f  the mainframe electronics enclosure. This assembly 
should be capable of being remotely located a minimum of 10 f t  (up to  75 f t )  

from the mainframe electronics by the use of an optional extension cable. 

q Removal of the detector and f i l t e r  assembly from the mainframe electronics 
should not require specialized knowledge or tools.  

5.2.5.3 Remote Reading 

The capabili ty of remotely measuring or determining the magnitude of a i r -  
borne release should be provided. This allows fo r  appropriate determination 
of required re-entry personnel protection equipment and knowledge of the level 
of a continuing release of airborne material. Appropriate historical data 
retrieval should provide an ac t iv i ty  time sequence. Examples of such data 
retrieval would be instrument memory storage, computer data storage, or a 
recorder. 

5.2.5.4 Emergency Electrical Power Requirements 

I f  continuous a i r  sampling i s  required d u r i n g  e lectr ical  power losses a t  
a f a c i l i t y ,  provisions should be made for  a l ternat ive e lec t r ica l  power. 
Usually, selected instruments in s t ra teg ic  locations can receive the i r  elec- 
t r i ca l  power from an uninterrupted power supply such as bat ter ies  or fuel-  
powered generators. This would require tha t  power be received by both the a i r  
sampling instrument and the vacuum source. 

5.2.5.5 Detector Limits 

A t  l e a s t  8 DAC-h o r  less  of 2 3 9 ~ u  should be detected w i t h  a variable 
radon-thoron background of u p  to  800 dpm w i t h i n  the range of 4.4 to  6.5 MeV, 

3 and with an airflow of 28 L/min  (1 f t  /min) a t  a specific a l t i tude.  

5.2.5.6 Range of Measurement 

The instrument shall be capable of measuring a t  l eas t  10,000 cpm w i t h  

. overrange indication. 



5.3 SYSTEM RELIABILITY 

The main d r i v i n g  f o r c e  behind a r e l i a b l e  e a r l y  warning system should be 

the  r a p i d  d e t e c t i o n  o f  a i rbo rne  p lutonium t h a t  has the  p o t e n t i a l  f o r  personnel - 
exposure i n  t h e  workplace. A t r u l y  r e l i a b l e  mon i to r i ng  system provides con- 

s i s t e n t  responses t o  p lutonium a c t i v i t y ,  w i t h  pr imary emphasis on t h e  p r e c i -  

s ion  r a t h e r  than t h e  accuracy o f  measurement. Ins t rumenta t ion  must c o n s i s t e n t l y  

de tec t  and alarm a t  t h e  lower l e v e l  o f  de tec t i on  o f  p lutonium a i rbo rne  concen- 

t r a t i o n .  E a r l y  warning moni tors must be capable of p r o v i d i n g  t h e  maximum num- 

ber o f  t r u e  alarms w h i l e  min imiz ing  t h e  number o f  spur ious o r  f a l s e  alarms * 

( l e s s  than 10%). Th is  capac i t y  i s  probably the  s i n g l e  most impor tan t  face t  i n  

developing worker r e l i a n c e  on and respect  f o r  t he  system t h a t  i s  in tended t o  

warn them of p o t e n t i a l  a i rbo rne  p1 utonium r a d i o a c t i v i t y .  

I n  a d d i t i o n  t o  being ab le  t o  w i ths tand t h e  r i g o r s  o f  cons tant  use and 

everyday demand, e a r l y  warning ins t rumenta t ion  f o r  p lutonium must be capable 

o f  w i ths tand ing  abnormal ly harsh environmental cond i t i ons  t h a t  a re  o f t e n  

associated w i t h  processing and f a b r i c a t i n g  plutonium, such as h igh  ternpera- 

tu res ,  chemicals, caus t ics ,  and acids. E a r l y  warning moni tors should be 

r e l a t i v e l y  " t roub le- f ree"  f o r  t h e  f i r s t  few years o f  s e r v i c e  and prov ide  

r e l i a b l e  f i e l d  opera t ion  w i t h  a minimum number of major r e p a i r s  over  a rea-  

sonable inst rument  l i f e t i m e  o f  a t  l e a s t  5 years. A r e l i a b l e  e a r l y  warning 

system f o r  p lutonium can o n l y  be achieved w i t h  aggressive and comprehensive 

c a l i b r a t i o n  and maintenance programs, which are  discussed below. 

5.4 MAINTENANCE AND CALIBRATION 

Consistent  maintenance and c a l i b r a t i o n  of CAMS a re  o f  p r imary  importance 

i n  r e l i a b l e  de tec t i on  and alarm c a p a b i l i t i e s .  Th is  sec t i on  discusses general 

p rac t i ces  t o  ensure t h i s  r e l i a b i l i t y .  

5.4.1 General Maintenance and Acceptance C r i t e r i a  

CAM maintenance and c a l i b r a t i o n  programs s h a l l  be developed and organized 

t o  p rov ide  a warning system w i t h  a demonstrated record  of h i g h  r e l i a b i l i t y  i n  

f i e l d  operat ion.  These programs must address bo th  the  e l e c t r i c a l  and 

mechanical aspects o f  inst rument  operat ion.  



Electrical maintenance should minimally include a check of the following: 

detector 

electronic circuitry 

alarm circuitry 
- s 

instrument failure indicators 

power supply (system connected to UPS) 
computer/remote interface 

background subtraction 
s 

instrument efficiency/counting circuitry 

periodic performance testing at two points across decades of range, 

per ANSI N323 (1978). 

Mechanical maintenance should minimally be performed for: 

recording device 

flow rate optimization, by cleaning and replacing necessary components 

on regular schedule 

flow rate calibration 

in-leakage testing 

instrument decontamination. 

Periodic performance testing and calibration shall be conducted in 

accordance with ANSI N323-1978, at least annually, at two points across the 

range of detectability, using NBS traceable sources. Adequate documentation 

shall be maintained to allow verification that the action is being 

accompl ished. 

More routine operability source checks should be performed at one point 

to verify alarming capability and ensure proper operation. It is recommended 
that this be performed weekly with formal documentation of the source check. 

The sources should be checked monthly to ensure no loss of activity. 

Maintenance and calibration programs should begin with the receipt 

,. inspection and acceptance testing of a random sampling of new equipment 

against purchase specifications provided to the vendor. 



Extens ive  documentation and q u a l i t y  assurance  programs a r e  needed 
throughout  the l i f e t i m e  of an ins t rument ,  beginning w i t h  the i n i t i a l  r e c e i p t  
i n spec t ion  and c a l i b r a t i o n .  These programs a r e  needed t o  ensu re  day-to-day 

* 

r e l i a b l e  func t ion ing  o f  the e a r l y  warning system. Development o f  an i n s t r u-  
ment d a t a  base f o r  each instrument  provides  a maintenance h i s t o r y  t h a t  a l lows 
performance t r a c k i n g  of r e l i a b i l i t y ,  high maintenance i t ems ,  and exces s ive  
f a l s e  a la rms ,  and provides  a b a s i s  f o r  f u t u r e  purchases.  

5.4.2 C a l i b r a t i o n  and Performance Checks 

Radia t ion  check sources  used t o  check the ins t rument  should be c a l i b r a t e d  

monthly; an NBS t r a c e a b l e  source  s h a l l  be used a s  an annual check. The 
ind iv idua l  checking t h e  ins t rument  should p l ace  his o r  her i n i t i a l s  and the 

time and d a t e  o f  the f i l t e r  change on the c h a r t  paper o r  the s t i c k e r  a t t ached  
t o  t h e  ins t rument .  When provid ing  maintenance and changing the f i l t e r ,  c a r e  
should be taken  n o t  t o  touch t h e  s e n s i t i v e  s u r f a c e  o f  the s o l i d  s t a t e  a lpha  
d e t e c t o r .  

CAMS s h a l l  be monitored on a r o u t i n e  schedule  t o  check f o r  p roper  
ope ra t i on  and t o  check the counter  e f f i c i e n c y .  Before doing t h e  c a l i b r a t i o n  
check, ensu re  t h a t  a1 1 CAM s e t t i n g s  a r e  c o r r e c t .  Suggested s e t t i n g s  (LANL 
1987) f o r  the plutonium workplace should be: 

plutonium window (SCA #1) - 1.0 MeV 
th re sho ld  - 4.65 MeV 

a background window ( S C A  #2) - 1.0 MeV 
response ( i f  p r e s e n t )  - Slow 
mode - PHA-SUB 

range ( i f  p r e s e n t )  - xl 
alarm s e t t i n g :  - 20 t o  40 cpm. 

The s e t t i n g s  used f o r  na tu ra l  a c t i v i t y  d i s c r imina t ion  s h a l l  be j u s t i f i e d  

and the r a t i o n a l e  documented. I t  should be noted t h a t  t h e  window and 
th re sho ld  s e t t i n g s  given above a r e  f o r  plutonium a r e a s  and a r e  s a t i s f a c t o r y  

f o r  d e t e c t i n g  the presence of  2 4 2 ~ u ,  2 3 9 ~ u ,  2 3 8 ~ u ,  2 4 1 ~ m ,  and most o t h e r  -. 
plutonium i so topes .  However, the s e t t i n g s  would have t o  be changed f o r  the 

d e t e c t i o n  o f  o t h e r  a lpha- emi t t ing  i so topes  w i t h  primary a lpha  e n e r g i e s  below 

4.64 MeV o r  above 5.64 MeV, such a s  235" 



Only someone thoroughly knowledgeable i n  the theory and operation of the CAMs 
should make adjustments i n  the settings. 

. * After verifying that the settings are correct, perform the alpha 
air-sampling instrument calibration using the following steps, which are 

typical of most CAMs: 

1. On a CAM calibration sheet, record the window setting, threshold 
setting, cal ibration source number, source strength i n  dpm, and 
expected source count rate in cpm. 

2. For each CAM calibrated, record the date, location, and CAM number. 

Turn off the vacuum pump and remove the sampling f i l t e r .  

Insert a calibrated 2 3 9 ~ u  standard source. 

Observe t h a t  the CAM will alarm on the xl range and record the 
average cpm of the alarm. 

Allow 5 to 10 min for the CAM to obtain i t s  maximum reading, switch- 

i n g  ranges as necessary. 

Record the maximum cpm i n  the "source cpm" column. 

Remove the plutonium standard calibration source and instal1 a new 
sampling f i l t e r .  

Turn  the vacuum pump back on and adjust the flow rate t o  the 
required flow rate. Check this with a calibrated secondary flow 

measuring device. 

Place the range switch in a xl position and push the reset b u t t o n .  

Observe that the chart recorder or meter reads approximately zero 
with the reset b u t t o n  depressed. 

Record the date, time, and individual's i n i t i a l s  on the chart 
recorder i f  one i s  being used. 

12. Ini t ial  the CAM calibration sheet and record the flow meter reading. 

Field checks to ensure proper response in the background window (SCA # 2 ) ,  

i f  i t  i s  available on the instrument, can be rapidly performed using a 2 5 2 ~ f  
electroplated source. Californium-252 alpha energies closely approximate the 



energies of 'I8po and '"~i (Cucchiara, Stafford, and McAtee 1983). The 252~f 

source also allows an appropriate check of the background subtract setting for 

those alpha energies being scattered back to the primary plutonium window. 

5.5  COMMONLY USED PLUTONIUM AIR SAMPLING INSTRUMENTS 

Information on some, but not necessarily all, types of commonly used 

plutonium air sampling and monitoring instruments is provided below, primarily 

for those users unfamiliar with the topic. Some specific types of instruments 

are discussed as examples but are not endorsed as being applicable to all 

situations requiring prompt detection. The types of instruments covered are 

silicon-diffused, junction-type CAMs; impactor-type CAMs; moving-filter type 

air sampl ing instruments ; and fixed-head samplers. A1 though not a monitor, 

the portable fixed-head air sampler is used for sampling in many plutonium 

facilities and could be used, with good judgement, as a quantitative prompt 

detector in some limited situations. 

5 . 5 . 1  Silicon-Diffused Junction-Type CAM 

There are several commercial manufacturers who provide the plutonium 

CAMs, utilizing a solid-state, silicon-diffused, junction-type detector. The 

detectors and sampling filter may vary in size.. Most instruments incorporate 

two single-channel, pulse-height analyzers. Resolution of the CAM is highly 

dependent on the type of filter medium used to collect the air sample. For 

best results a membrane filter or a thin glass fiber filter is recommended. 
Figure 4 illustrates one such instrument that is commonly used at Los Alamos 

National Laboratory. Usually, detection and alarm capabilities are 

incorporated into the instrument. Some manufacturers also provide individual 

outputs from the instrument meter or pulse output from each single-channel 

analyzer to accommodate remote reading and analysis capabilities. These 

instruments may be either in a fixed location or placed on a mobile cart to be 

moved to the work site, as shown in Figure 5 .  

5 . 5 . 2  Impactor-Type CAM 

The impactor-type CAM is usually set at a high volume (35 to 4 5  scfm) and 

can be used in both a fixed and portable mode. This instrument, a portable 



FIGURE 4. The TA-55 CAM, Used Only a t  t he  Los Alamos 
Nat iona l  Laboratory Plutonium F a c i l i t y  

vers ion  o f  which i s  shown i n  F igure 6, has been used as an e f f e c t i v e  prompt 

warning device f o r  a number o f  years a t  a DOE f a c i l i t y .  These systems have an 

alarm thresh01 d approaching 1 DAC-h (Alexander 1964). The fea tures  t h a t  a1 low 

t h i s  low l e v e l  o f  de tec t i on  inc lude:  

h igh  sample r a t e  - normal ly  40 scfm 

good c o l l e c t i o n  e f f i c i e n c y  - 90% f o r  p lutonium >0.5 um 

minimal radon- thoron c o l l e c t i ~ n  e f f i c i e n c y  - 5 t o  10% 

s c i n t i l l a t i o n  de tec t i on  e f f i c i e n c y  - 40% 

proper s e t t i n g  o f  alarms above background l e v e l s .  

9 .  

The de tec t i on  e f f i c i e n c y  i s  reduced when dus t  load ing  o f  t he  s c i n t i l -  
- l a t i o n  planchet c o l l e c t o r  occurs o r  i f  the  annular impact ion becomes p a r t i a l l y  

clogged w i t h  dust  o r  l i n t .  



FIGURE 5. A Mob i le  Continuous A i r  Mon i to r  (CAM) Used t o  A l e r t  Workers 
t o  A i rborne  Rad ioac t ive  Contamination i n  t h e  Work Area 

The d i s tance  between t h e  de tec to r  ( p h o t o m u l t i p l i e r  tube) and the  

c o l l e c t i o n  i s  normal ly  1/8 i n . ,  which i s  c lose  enough f o r  e f f i c i e n t  d e t e c t i o n  

b u t  f a r  enough away t o  prevent damage t c  t he  p h o t o m u l t i p l i e r  tube by contac t-  . . 
i n a  the p lanchet  o r  impactor head. Note t h a t  t he  ins t rument  i s  cons iderab ly  

l a r g e r  than those p r e v i o u s l y  descr ibed. 



FIGURE 6. Portable Impactor-Type Alpha CAM with Light-Tight Box Door Open 

When used as a fixed monitor with a central vacuum system, the light- 
tight box collector-detector housing is installed outside the area being 
monitored for easy access. The only portion of the monitor in the room itself 
is the sample probe and exposed portion of the delivery line as well as local 
audio-visual alarms. The readout units (count rate meters) and recorders can 
be placed at a remote location. 

5.5.3 Moving-Filter Air Sampling Instrument 

Several types of moving-filter air sampling instruments are available 

commercially and have been used for a number of years. One system called the 
WOTAMS was developed at Lawrence Livermore National Laboratory (Kai fer, Prevo , 

. and Phelps 1987). Figure 7 illustrates the design of this instrument. The 
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FIGURE 7. Transport Arrangement o f  the WOTAMS Detector and F i l t e r  

detector  and f i l t e r  are  enclosed i n  a  vacuum chamber, a l lowing greater  

detect ion s e n s i t i v i t y ,  which i s  reported t o  be ~0 .25  DAC-h. The f i l t e r  

advances under the  detector  a t  spec i f i ed  t ime in te rva ls .  Counting s t a t i s t i c s  

can be hampered a t  low ai rborne concentrat ion rates; however, r e l a t i v e l y  h igh 

sampl i n g  ra tes  (20 cfm) increase the detect ion capabi l  i t y .  

5.5.4 Fixed Head Samplers 

A number o f  types o f  f i x e d  head a i r  samplers used i n  plutonium labora-  

t o r i e s  are mentioned on ly  because they are  un i ve r sa l l y  used. These are co l -  

l e c t i o n  devices and must be changed a t  spec i f i ed  t ime i n t e r v a l s  and counted, 

usua l l y  i n  a  remote counting laboratory.  The i r  pr imary use i s  f o r  engineering 

and housekeeping cont ro ls .  Figure 8  shows a  t y p i c a l  sampling head used i n  

g l  ove-box 1  aborator ies . The p l a s t i c  heads house interchangeable 'high-eff i -  

ciency f i l t e r s ,  usua l l y  i n  a  glass f i b e r  f i l t e r  medium. Sampling f l ow  ra tes  

f requent ly  exceed 2  cfm. Figure 9  shows a  por tab le  a i r  sampling device, 

commonly c a l l e d  a  " g i ra f fe ,"  which can be moved t o  a  s p e c i f i c  work l oca t i on  

(Valentine, Meyer, and Romero 1968). This incorporates the same f i l t e r  and 

f i l t e r - h o l d i n g  assembly as t h a t  j u s t  described. Again, the  f i l t e r  must be 

counted a t  a  remote counting laboratory.  



FIGURE 8. Fixed Head Air Sampling Lines i n  Pos i t ion  Above a Glove Box 



FIGURE 9.  A  " G i r a f f e"  Portable A i r  Sampler 



DOCUMENTATION 

Documentation of a program for the prompt detection of airborne plutonium 
i n  the workplace i s  needed for a variety of reasons. The underlying purpose . .  
for documentation i s  t o  provide a basis for evaluating the performance of the 
program, both in internal and external program reviews. Regardless of the . 
reasons for conducting a review, the documentation shall meet certain minimum 
requirements for completeness and rel iabil i ty.  Additional requirements may be 

I imposed by regulatory standards or by a perceived need for additional documenta- 
t i o n  for legal purposes. 

6.1 GENERAL DOCUMENTATION FORMAT. CONTENT. AND RETENTION 

All records shall meet the requirements l is ted below. 

a Air sampling records shall include reference to approved operating 
procedures, including identification by procedure number, revision 
and modification number, date, t i t l e ,  and author. This requirement 
applies to a l l  procedures used i n  the location, calibration, and 
operation of any sampling and analytical equipment t h a t  i s  incorpo- 
rated i n  the prompt plutonium detection monitor.  

a Written records shall be legible. Current written records shall be 
prepared in black ink or typed. Errors should be lined o u t  w i t h  a 
single l ine,  allowing the original entry t o  be read; the corrections 
should be initialed by the person preparing the revision. 

a Records shall be retrievable. Current f i l e s  should be retrievable 
within a day; permanent f i l e s  should be accessible such t h a t  a 

specific record can be provided within 1 week. 

a I f  magnetic storage media are used for short- or long-term record 
storage, backup copies of the records should be made and updated on 
a regular basis. Long-term storage in other than written format 

shall take into account the expected lifetime of the storage medium. 
A hard (printed) copy of records should be generated whenever 



possible. Written records, including any f i e ld  notes, shall  be 
retained f o r  30 years. 

I f  the rapid detection system information may be used f o r  legal 

purposes (e .g. , analysis of the col lected material by radiochemistry 
following an incident) ,  sample custody procedures shall  be developed 

to  document the t ransfer  of the sample from i t s  removal from the 
collection device through the en t i r e  analytical procedure. Sample 
custody should not be required on a routine basis fo r  the samples 
collected i n  the system unless these samples a re  also used to  

estimate the long-term average concentrations in the area. 

Current records should be retained fo r  1 year from the collection 

date, and then transferred to  the permanent records. 

6.2 DOCUMENTATION OF SAMPLER INLET PLACEMENT STUDIES 

Placement of sampler in l e t s  w i l l  be an important factor  determining the 
effectiveness of the rapid detection system. Optima1 placement of the in l e t s  
will require knowledge of airflow patterns and assumptions regarding the 

t ransportabi l i ty  of contamination. The characterization of room airflows and 

assumptions regarding par t ic le  transport should be documented. These factors  
are  discussed below. 

Airflow Characterization - A copy of the ventilation system drawings 

should be marked a t  the time of airflow characterization to  document 
i n l e t  and out le t  flows and diffuser  orientations a t  t ha t  time. In 
addition, any factors  having a s ignif icant  e f fec t  on the bouyancy of 
the i n l e t  (makeup) a i r  should be noted a t  the time of characterization. 

Transportability of Particles - Any assumptions regarding the an t ic i-  
pated t ransportabi l i ty  of contamination par t ic les ,  including par t ic le  

s ize  dis t r ibut ion parameters, should be documented. The basis fo r  
these assumptions (experience, process character is t ics ,  and theoret- 
ical  considerations) should a1 so be documented. 

Fac i l i ty  Design and Construction - In cases where a new f a c i l i t y  i s  

t o  be designed and constructed, conformance to  design should be 



documented. Th is  does n o t  r e l i e v e  the  f a c i l i t y  opera tor  o f  the  

r e s p o n s i b i l i t y  f o r  room a i r f l o w  cha rac te r i za t i on ,  b u t  w i l l  he lp  

ensure t h a t  compromises i n  r a p i d  de tec t i on  system performance are  

n o t  i n a d v e r t e n t l y  b u i l t  i n  du r ing  the  cons t ruc t i on  process. 

a I n l e t  Placement w i t h  Respect t o  Other Standards/Evaluat ion o f  

Requirements - I f  DOE system-wide, f i e l d - o f f i c e ,  o r  con t rac to r  

standards c a l l  f o r  placement o f  r a p i d  alarm systems depending on 

workplace cond i t i ons  (such as sur face contaminat ion 1  eve1 s  , maximum 

re lease p o t e n t i a l  , a i r f l o w  cond i t i ons )  , then the  s tud ies  o r  meas- 

urements conducted t o  determine these cond i t i ons  should be 

documented. 

6.3 DOCUMENTATION OF SAMPLER DESIGN, SELECTION CRITERIA, AND HARDWARE 

The sampling system count ing  hardware w i l l  most 1  i k e l y  be one o f  a  few 

standard v a r i e t i e s ,  cons ider ing  the  d i f f i c u l t y  of p r o v i d i n g  a design t o  meet 

t he  s e n s i t i v i t y  requirements f o r  t he  r a p i d  de tec t i on  of a i rbo rne  plutonium. 

Sample t r a n s p o r t  l i n e s  and f i l t e r  housing designs may vary, depending on t h e  

f a c i l i t y .  

a Sample L i n e  and F i l t e r  Housing - The geometry and s p a t i a l  o r i en ta-  

t i o n  o f  the  sample l i n e  and f i l t e r  housing as i n s t a l l e d  should be 

documented. Required t e s t s  o f  p a r t i c l e  t r a n s p o r t  through the  l i n e  

and f i l t e r  housing should a l s o  be documented. 

a Numbering Rapid Detec t ion  Systems - I n  add i t i on ,  each r a p i d  

de tec t i on  device should be i d e n t i f i e d  by a  unique number, and, as 

appropr iate,  numbers should be assigned t o  subsystems o r  components 

i d e n t i f y i n g  each as p a r t  o f  a  system. 

a Se lec t i on  C r i t e r i a  - As appropr iate,  t he  s e l e c t i o n  c r i t e r i a  o r  

design ob jec t i ves  f o r  a c q u i s i t i o n  o r  development o f  a  sampling 

system should be documented. This  app l ies  bo th  t o  systems and 

c r i t i c a l  components o f  a  system. 



6.4 DOCUMENTATION OF RAW AND ANALYZED DATA 

The processing o f  raw and analyzed data from the  r a p i d  d e t e c t i o n  system 

should be documented. These data inc lude:  

any data ana lys i s  performed i n  t h e  sampler beyond t h a t  r e q u i r e d  t o  

generate a n e t  p lutonium a c t i v i t y  s igna l  (shown w i t h  a f l o w  c h a r t  

i n d i c a t i n g  the  steps i n  data processing) ,  and 

alarm and a l e r t  s e t t i n g  determinat ions.  

6.5 DOCUMENTATION OF EQUIPMENT CALIBRATION AND FIELD RESPONSE ADJUSTMENTS 

Flow should be mainta ined w i t h i n  the  acceptable range s t a t e d  i n  Sec- 

t i o n  4. The frequency o f  c a l i b r a t i o n  o f  t he  sampling system f l o w  should be 

determined by developing a h i s t o r y  o f  performance f o r  t he  a i r  mover, o r  based 

on prev ious experience w i t h  the  a i r  mover. A1 1 1 aboratory ( o u t- o f - f  i e l  d) 

c a l i b r a t i o n s  and f i e l d  f l o w  adjustments should be performed according t o  

w r i t t e n  procedures. Dates of f low c a l i b r a t i o n  o r  f i e l d  f low adjustments and 

names o f  personnel conduct ing the  ca l ib ra t ion /ad jus tments  should be recorded. 

Detec t ion  system response t e s t s  and c a l i b r a t i o n  performance should a l so  

be documented. I n fo rma t ion  should i nc lude  procedure number; i d e n t i f i c a t i o n  o f  

the  de tec t i on  system being tested; any e lec t ron i cs ,  hardware o r  m a t e r i a l s  used 

i n  q u a n t i f y i n g  the  d e t e c t i o n  system response f o r  t h e  c a l i b r a t i o n ;  da te  o f  

t e s t ;  and name of personnel conduct ing the  c a l i b r a t i o n .  Numerical r e s u l t s  of 

t h e  t e s t i n g  should be documented. 

6.6 DOCUMENTATION OF CHANGES IN THE SAMPLING SYSTEM OR WORK ENVIRONMENT 

Both the  sampling system and the  room a i r f l o w  c h a r a c t e r i s t i c s  a re  

impor tan t  i n  determin ing the  e f fec t i veness  o f  t he  r a p i d  d e t e c t i o n  system as 

descr ibed i n  t h i s  document. Changes i n  e i t h e r  may a f f e c t  t he  system p e r f o r -  

mance, so s i g n i f i c a n t  changes should be documented. 

Changes t o  the  sampling system t h a t  r e q u i r e  documentation inc lude,  b u t  

a r e  n o t  l i m i t e d  to ,  1) sample f l o w  r a t e ,  2)  f i l t e r  s ize ,  3)  sample l i n e  o r  

f i l t e r  housing mod i f i ca t i ons ,  and 4) changes i n  s i t i n g  of a p a r t i c u l a r  Sam- 

p l  i ng sys tem. 



Any changes t o  the room tha t  a f f e c t  a i r f l o w  charac te r i s t i cs  requ i re  

documentation. The accep tab i l i t y  o f  system performance i n  the a l t e red  a i r f l o w  

condi t ion  should be determined. 
4 

Per iod ic  review o f  the actual  versus the documented room and sampling . 
system conf igura t ion i s  required and should be documented. Deviat ions o f  the 

A 
actual  from the documented designs should be evaluated f o r  s i g n i f i c a n t  e f f e c t s  

on the performance o f  the system. 





7.0 REFERENCES 

Alexander, J. M. 1964. A Continuous Mon i to r  f o r  Prompt Detec t ion  o f  Ai rborne 
Plutonium. DPSPU 64-31-11, Savannah R ive r  Plant ,  Aiken, South Carol ina.  

American Nat ional  Standards I n s t i t u t e  (ANSI). 1969. Guide t o  Sampl i n 9  
Ai rborne Radioact ive M a t e r i a l s  i n  Nuclear F a c i l i t i e s .  N 13.1-1969, American 
Nat iona l  Standards I n s t i t u t e ,  Inc., New York. 

American Nat iona l  Standards I n s t i t u t e  (ANSI) . 1978. Rad ia t ion  P ro tec t i on  
Ins t rumenta t ion  Test  and Cal i b r a t i o n .  N323-1978 (R 1983) , American Nat iona l  
Standards I n s t i t u t e ,  Inc., New York. 

American Nat ional  Standards I n s t i t u t e  (ANSI). 1980. Performance C r i t e r i a  f o r  
Ins t rumenta t ion  Used f o r  I n p l a n t  Plutonium Moni tor ing.  N317-1980, American 
Nat iona l  Standards I n s t i t u t e ,  Inc., New York. 

American Nat iona l  Standards I n s t i t u t e  (ANSI) . 1987. Leakage Tests on 
Packages f o r  Shipment o f  Radioact ive Ma te r ia l .  ANSI-N14.5 - 1987 , American 
Nat iona l  Standards I n s t i t u t e ,  Inc., New York. 

Barnet t .  J. L. 1983. "A Tracer  Method f o r  Ouant i fv ina  Contamination o f  
~ u i l d i n ~  Supply A i r :  Reentrainment o f  ~ a b o r a t o r i  ~ o 6 d  Exhausts .I' - Amer. 
Ind. Hyg. Assoc. J. 44:580-582. 

Benner, R. L. 1984. "A Fast  Response Continuous Analyzer f o r  Halogenated 
Atmospheric Tracer." J. o f  Atmospheric and Oceanic Technology 2:582-589. . 

Commissariat a 1 'Energie Atomique (CEA) . 1984. Rad ia t ion  P ro tec t i on  
Ins t rumenta t ion  Committee. Atmospheric Sampling i n  Premises Where Are 
Handled Transuranic Products. CEA/SPR/369/84, Commissariat d 1'Energie 
Atomique, Par is ,  France. 

Cucchiara, A. L., R. G. S t a f f o r d  and J .  L. McAtee. 1983. Background Subt rac t  
Adjustment f o r  Plutonium Continuous Alpha A i r  Mon i to r  Using Cf-252. 
LA-9642, Los Alamos Nat iona l  Laboratory, Los Alamos, New Mexico. 

Higby, D. P. 1984. E f f e c t s  o f  P a r t i c l e  Size and V e l o c i t y  on B u r i a l  Depth o f  
Ai rborne P a r t i c l e s  j n  Glass F ibe r  F i l t e r s .  PNL-5278, P a c i f i c  Northwest 
Laboratory, Richland, Washington. 

H i r t ,  C. W. 1978. "Numerical S imula t ion  of Three-Dimensional Flow Past B l u f f  
Bodies." Computer Methods i n  Appl., Mech., and Enq. 14:93-124. 

I n t e r n a t i o n a l  Electrochemical Commission (IEC) . 1983a. Eau i~men t  f o r  
Continuously Mon i to r i ng  R a d i o a c t i v i t y  i n  ~ a s e o u s  ~ f f l  uents .' P a r t  1: 
General Requirements. IEC 761-1, I n t e r n a t i o n a l  t lec t rochemica l  Commission, 
Geneva. 



International Electrochemical Commission ( IEC) . 1983b. E ui ment for 
Continuous1 v Moni torina Radioactivi tv in Gaseous ~ f f l  ue* ., d ., 
Specific Requirements for Aerosol Effluent Monitors. IEC 761-2, 
International Electrochemical Commission, Geneva. 

International Standards Organization (ISO) . 1975. General Principles for 
Sampling Airborne Radioactive Materials. IS0 2889, International Standards - 

Organization, Geneva. 

Kaifer, R., C. Prevo and P. Phelps. 1987. WOTAMS Project. Lawrence 
Livermore National Laboratory, Livermore, California. 

Langer, G. 1987. "Ventilating-Air Rates Versus Particulate Contamination 
Spread." Progress Report, September 1986 - March 1987, RFP-4134, Rockwell 
International - Rocky Flats Plant, Golden, Colorado. 

Liu, B. V. H., D. Y .  H. Pui and K. L. Rubow. 1983. "Characteristics of Air 
Sampling Filter Media." In Vol . 3 of Aerosols in the Mining and Industrial 
Work Environments, eds. I. Marple and B .  V. H. Liu. Ann Arbor Science 
Publishers, Ann Krbor, Michigan. 

Mark, D., J. H. Vincent and W .  A. Witherspoon. 1982. "Particle Blow-Off: 
Source of Error in Blunt Dust Samplers." Aerosol Science and Technology 
l(4) : 463-469. 

Nazaroff, W. H. 1983. "Automated System of Measuring Air-Exchange Rate and 
Radon Concentration in Houses." Health Physics 45:525-537. 

Scripsick, R. C., R. G. Stafford, R. J. Beckman, M. I. Tillery and 
P. 0. Romero. 1979. "Evaluation of a Radioactive Aerosol Surveillance 
System." In Advances in Radiation Protection Monitoring, pp.  303-314. 
International Atomic Energy Agency, Vienna. 

Valentine, A. M., D. D. Meyer and W .  F. Romero. 1968. Air Monitoring and Its 
Evolution at the LANL Plutonium Facility. Los Alamos National Laboratory, 
Los Alamos, New Mexico. 

Vavasseur, C. 1985. "Application of Tracer Gas Methods to the Measurement of 
Ventilation Parameters in Nuclear Power Plants and Various Industrial 
Sectors." In 1st International Symposium on Ventilation for Contaminant 
Control , Toronto, Canada. 

Vincent, J. H., P. C. Emmett and D. Mark. 1985. "The Effect of Turbulence on 
the Entry of Airborne Particles into a Blunt Dust Sampler." Aerosol Science 
and Technology 4(1) : 17-29. 



DISTRIBUTION 

Lr No. o f  
Copies 

. L 

No. of 
Copies 

10 DOE/Office o f  S c i e n t i f i c  and 10 E. J. V a l l a r i o ,  Ac t i ng  D i r e c t o r  

1 
Technical I n fo rma t ion  Radio1 og i ca l  Contro ls  D i v i s i o n  

U.S. Department o f  Energy 
DOE Headquarters Washington, DC 20545 

J. D. Foulke 
O f f i c e  o f  Nuclear Safety 

U.S. Department of Energy 
Washington, DC 20545 

G. W. Gibbs, Ac t i ng  
Ass i s tan t  Secretary f o r  
Environmental , Safety, 
and Heal th 

U.S. Department o f  Energy 
Washington, DC 20545 

J. P. Knight,  Ac t i ng  D i r e c t o r  
O f f i c e  o f  Nuclear Safe ty  
U.S. Department o f  Energy 
Washington, DC 20545 

Be t te  L. Murphy 
O f f i c e  o f  Nuclear Safe ty  
U.S. Department o f  Energy 
Washington, DC 20545 

D. R. Nelson 
O f f i c e  o f  Nuclear Safe ty  
U.S. Department o f  Energy 
Washington, DC 20545 

R. W. S ta ros teck i  , Deputy 
Ass i s tan t  Secretary f o r  Safety, 

Heal t h  , and Qua1 i ty  Assurance 
U.S. Department of Energy 
Washington, DC 20545 

J. C. Tseng, Ac t i ng  D i r e c t o r  
O f f i c e  o f  Environmental 

Guidance and Compliance 
U.S. Department o f  Energy 
Washington, DC 20585 

DOE A1 buquerque Operations O f f  i c e  

R. E. Alexander 
Pantex P l a n t  
Mason & Hanger--Silas Mason Co., 

Inc .  
P.O. Box 30020 
Amar i l lo ,  TX 79177 

W. D. Bu rne t t  
DOE Sandia Nat iona l  Labora tor ies  
Ma i l  Code 3312, Bldg. 8619 
P.O. Box 2800 
A1 buquerque, NM 87115 

G. W. Campbell 
Rockwell I n t e r n a t i o n a l  
Rocky F l a t s  P l a n t  
P.O. Box 464 
Golden, CO 80401 

J. W. Doty 
Mound Laboratory 
Monsanto Research Corporat ion 
Miamisburg, OH 45342 

G. Langer 
Rockwell I n t e r n a t i o n a l  
Rocky F l a t s  P l a n t  
P.O. Box 464 
Golden, CO 80401 

R. G. S t a f f o r d  
Los Alamos Nat iona l  Laboratory 
P.O. Box 1663 
Los Alamos, NM 87545 



No. o f  
Copies 

No. o f  
C o ~ i  es 

J. G. Themelis 
U.S. Department o f  Energy 
Albuquerque Operat ions O f f i c e  
P.O. Box 5400 
A1 buquerque , NM 87115 

DOE Chicago Operat ions O f f i c e  

L. V. Coulson 
Fermi N a t i  onal Acce lera tor  

Laboratory 
P.O. Box 500 
Batavia,  I L  60510 

R. A. Mayes 
U.S. Department of Energy 
9800 S. Cass Avenue 
Argonne, I L  60439 

C. B. Meinhold 
Brookhaven Nat iona l  Laboratory 
Associated U n i v e r s i t i e s ,  Inc.  
Upton, NY 11973 

D. P. O'Nei l  
Argonne Nat iona l  Laboratory 
9800 S. Cass Avenue 
Argonne, I L  60439 

DOE Idaho Operat ions Of f ice 

J. H. Bar ry  
U.S. Department o f  Energy 
Idaho Operat ions O f f i c e  
785 DOE Place 
Idaho F a l l s ,  I D  83402 

B. L. Rich 
EG&G Idaho 
P.O. Box 1625 
Idaho F a l l s ,  I D  83401 

P. D. R i t t e r  
EG&G Idaho 
P.O. Box 1625 
Idaho F a l l s ,  I D  83401 

A. N. Tschaeche 
W I NCO 
M/S CPP-630 
P.O. Box 4000 
Idaho Fa l l s ,  I D  83403 

DOE Nevada Operat ions O f f i c e  

A .  E. B i cke r  
Reynolds E l e c t r i c a l  & 

Engineer ing Co., I nc .  
P.O. Box 14400 
Las Vegas , NV 89114 

P. K. Fitzsimmons 
U.S. Department o f  Energy 
Nevada Operat ions O f f i c e  
P.O. Box 14100 
Las Vegas, NV 89114 

M. A. M a r e l l i  
U.S. Department of Energy 
Nevada Operations O f f i ce  
P.O. Box 14100 
Las Vegas, NV 89114 

DOE Oak Ridge Operat ions 

R. J. C l o u t i e r  
Oak Ridge Associated 

U n i v e r s i t i e s  
P.O. Box 117 
Oak Ridge, TN 37831 

R. E. H a l l i b u r t o n  
Oak Ridge Nat iona l  Laboratory 
P.O. Box X 
Oak Ridge, TN 38730 

S. L. H inne fe ld  
Westinghouse M a t e r i a l s  Co. 

o f  Ohio 
P.O. Box 398704 
C inc inna t i ,  OH 45239 



No. o f  
Copies 

No. o f  
Copies 

D. B. Howard 
U.S. Department o f  Energy 
Oak Ridge Operations O f f i c e  
P.O. Box E 
Oak Ridge, TN 37831 

J. Hunt 
Y-12 Plant ,  Bldg. 9711-1 
M a r t i  n-Mar iet ta 
Oak Ridge, TN 37830 

W. T. Mee 
Y-12 
P.O. Box Y 
Oak Ridge, TN 37830 

D. C. Parzyck 
Oak Ridge Nat ional  Laboratory 
P.O. Box X 
Oak Ridge, TN 37830 

D. Rowan 
Y-12 Plant ,  Bldg. 9711-1 
Oak Ridge, TN 37830 

S. F. Se l t ze r  
Paducah Gaseous D i f fus ion  P l a n t  
P.O. Box 1410 
Paducah, KY 42001 

J. E. Shoemaker 
Oak Ridge Gaseous D i f f u s i o n  

P l a n t  
P.O. Box P 
Oak Ridge, TN 37831 

F. G. VanLoocke 
RMI  Company 
P.O. Box 579 
Ashtabula, OH 44004 

E. R. Wagner 
Portsmouth Gaseous D i f fus ion  

P l a n t  
M a r t i n  M a r i e t t a  Energy Systems 
P.O. Box 628 
Piketon, OH 45661 

DOE San Francisco Operat ions 
O f f i ce  

T. R. C r i t e s  
Lawrence Livermore Nat iona l  

Laboratory 
P.O. Box 5505 
Livermore, CA 94550 

J. T. Davis 
U.S. Department o f  Energy 
San Francisco Operat ions Of f ice 
1333 Broadway 
Oakland, CA 94612 

R. C. McCall 
S tan ford  L inea r  Acce lera tor  
P.O. Box 4349 
Stanford,  CA 94305 

R. H. Thomas 
DOE Lawrence Berkeley Nat iona l  

Laboratory 
U n i v e r s i t y  o f  C a l i f o r n i a  
Berkeley, CA 94720 

G. Warren 
Stanford L inea r  Acce lera tor  

Center 
P.O. Box 4349 
Stanford,  CA 94305 

DOE Savannah R ive r  Operations 
O f f i c e  

D. N. Bridges 
U.S. Department o f  Energy 
Savannah R i v e r  Operations O f f i c e  
P.O. Box A 
Aiken, SC 29801 

D. Ratchford 
E.I. duPont de Nemours & Company 
Savannah R ive r  P l a n t  
Aiken, SC 29809 



No. o f  
Copies 

No. of 
C o ~ i  es 

W. C. Re in ig  
E. I .  duPont de Nemours & Company 
Savannah R ive r  P l a n t  
A i  ken, SC 29809 

EPA O f f i c e  o f  Rad ia t ion  Programs 

A.  Richardson 
401 M S t ree t ,  SW 
Washington, DC 20460 

50 P a c i f i c  Northwest Labora tory  

W .  J. B a i r  
L. G. Faust 
D. R. F isher  
E. E. Hickey 

G. Hoenes 
J. R. Johnson 
W. E. Kennedy 
J. L. Kenoyer 
J. B. M a r t i n  

Nat iona l  Center f o r  Devices and J. C. McDonald 
Radio1 og i ca l  Hea l th  J. Mishima (TO) 

J. M. Selbv (161 . , 

J. C. V i l l f o r t h  K. L. s o l d i t  
FDA Bureau o f  Rad io log ica l  Heal th R. D. Stenner 
Rockv i l l e ,  MD 20852 J. G. Stephan 

C.  M. Stroud 
Nat ional  Bureau o f  Standards K. L. Swinth 

J. Weber 
E.  H. Eisenhower Heal th Physics Department 
Nat iona l  Bureau o f  Standards L i b r a r y  
Gai thersburg  , MD 20899 Pub1 i s h i n g  Coord ina t ion  (2 )  

Technical Report F i l e s  ( 5 )  
Nuclear Regulatory Commission 

R. E. Alexander 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555 

ONS ITE 

DOE Richland Operat ions O f f i c e  

D. T. Evans 
D. L. Sours 

Westi nghouse Hanford Company 

R. 0. Budd 
W .  D. K i t t i n g e r  




